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AS the circumftarices in which any kind of ail* i^ 
decompofcd tend to difcover its connpofition, I 
fhall under this head recite all the obiervations 
J have made of this kind; 

SECT I O N 1; 

i)f the Diminution of nitrous Air hy ftanaing in 

Water. 

BEINIj defirbus of afcertaiiiing whether liitrous 
air tended, in any degree, to a fpontaneoui 
decompofition by long Handing only, without be- 
ing in conta6k with any ftibftanco that coUld bd 
fuppofed to have an affinity with any conftitiient 
Vot. II4 B part 
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pstrt of it, I filled a large phial with this air, and 
corked it very; tight> keeping it for the moft part 
with its mouth iqnmerfed in a veffel of water, but 
afterwards negl^<9:ed it, and fufiered the water to 
evaporate. However, examining this air after 
about two years J I found that it had the lame power 
of diminilhing common air that frefh-made nitrous 
air has. It was alfb not more eafily decompoled 
by agitation in water ; and I would obferve in this 
place, that I have found great differences in the 
readin^fs with which nitrous air is diminifhed, ancj 
reduced to the ftate of phlogiflicated air, by agi- 
tation in water, or by fimply ftariding expofed to 
a confiderable furface of water j a difference de- 

' pending bn the water , and the impregnations of it ; 
but I have not given fo much attention to thcfe 
circumftances as to have difcovered the caule of 
them. 

I haVe obferved that if nitrous air be agita&d in 

. an open trough of water prefently after it is made, 
or indeed after it has been kept ibme weeks, it 
will be reduced to a very fmall quantity, perhaps 
one twentieth of its original bulk j and it will then 
be wholefome air. But I find that if it be kept 
a very hng timey its conftituent principles, as we 
may fay, acquire a much firmer confiftence, and 
that then a remarkably greater proportion . of it be-, 
comes firfl phlogiflicated air, and then, by agita- 
tion in water, wholefome air» 

i I once 
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I once obfervcd the changes produced in two 
quarts of nitrous air, one from irotij and the other 
from coppery made- in November, 1773. On re- 
moving from Wiltfhire to Birmingham, I thought 
proper to put an end to this procefs, when I found 
no farther change in the bulk of thefe two quan* 
tides of air ; that which had been produced from 
iron ilill occupying two thirds of its original dimen- 
iions, and that from copper one half. I a^tated 
in water a portion of each of, thefe quantities of 
air, without producing any change in their bulki 
but they were both confidcraWy improved by it, • 
fo that when mixed with equal quantities of frtih 
nitrous air, the meafures of the teft were 1.7 5, 

This I eonfider as a pretty remarkable obferva-^ 
tion, as it exhibits a change in the conftitution of 
a body depending upon time only, and which it is 
not yet in our power to produce by any other 
agent or inftrument* 

Both nitrous and inflammable air contain phlo- 
gifton, and, as will be feen in its proper place, 
they probably contain nearly equal quantities in 
equal bulks; but as dieir properties arc remark- 
ably difierent, their conftitution muft be different 
alfo; the phlogifton which enters into the com- 
pofition of them both being combined in them in 
a very different manner, in fome cafes nitrous ' 
air papts with ^ts phlo^ftoa niore readily than in« 

B 2 flammable 
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flammable air, but in other relpefts inflammable 
air is the more eafily deeompofed of the . twa 
The phlogifton of nitrous air immediately quits 
it on the contaft of common air, when it is even 
quite cold, whereas the phlogifton of inflamma- 
ble air will not leave it to join the common air 
except when it is very hot ; but it will be fcen that 
inflammable air parts with its phlogifton to the 
glafs of lead in the compofition of flint glafs in 
circumftanccs in which nitrous air undergoes no 
change whatever, I kept a quantity of nitrous 
air, in a tube of flint glafs, hemietically fealed, 
buried in hot fand,. but not fufiicient to melt the 
glafi, . twenty days without any fenfible change, in 
the bulk or quality of the air. In the upper part 
of one tube filled in this manner there was fome- 
thing like fmall cryflallizations, but they might 
pofllbly come from a finall quantity of the quick- 
filver accidentally left in the tube. But whether 
nitrous air will be deeompofed by quickfilver in 
this ftate of heat and confinement I did not try. In- 
deed I did not examine whether what I faw were 
properly cryftallizatlons, or not. 

I kept both nitrous air and inflammable air 
very hot in contadt with quickfilver with liberty 
to expand, and did not find that either of them 
underwent any change. A quantity of nitrous air 
I expofed feveral hours for three days to a degree 

of 



SeSl^L WITRO¥S AIR. 5 

of heat which kept the quickfilver in a ftate of 
vapour, the firft and fecond days to the fame quick- 
iilver, and the third day to frelh quickfilver j but 
the dimenfions of the air, and its property of af- 
fefting common air, continued the lame. The 
procels is defcribed in the Introduction. 

The addition of (beam of water to the nitrous 
air in this ftate of heat and expanfion made no 
difference in the refuk of the experiment, though 
they continued together upon quickfilver more 
than two hours. The fmall alteration that I found 
in the nitrous air might be afcribed to its having 
been transferred from the trough of water to the 
bafon of quickfilver in a bladder. I varied the 
experiment by confining the nitrous air in a glals 
jar inverted in a pan of water, which I made to 
boil, in order that the hot fteam might pervade 
the whole mals of the air, which it efFeftually did, 
as it appeared by its having expelled a very great 
part of it. After the procels, which continued 
about an hour, the nitrous air had loft nothing of 
its power of diminifliing common air. On the 
. contrary, it feemed, to be rather improved than to 
^ave had its virtue impaired. 
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S E C T I O N II, 

Of the Diminution of nitrous Air by Iron Filings 
and Sulphury andhy a Solution of green VitrioL 

THE diminution of common air by a mix-? 
ture of nitrous, air, is not fo extraordinary a^ 
the diminution which nitrous air itfclf is fubjedt to 
from a mixture of iron filings and fulphur, made 
mto a pafte with water. This mixture, as I have 
already obferved^ diminifties common air between 
one fifth and one fourth, but has no fuch effedt 
vpon any kind of air that has been diminilhed, 
and rendered noxious, by any other procefe; but 
when it is put to a quantity of nitrous air, it 
4iminiflies it fo much^ that no more than one fourth 
of the original quantity will be left. 

The^effedt of tlus procels is generally perceived 
in five or fix hours, about which time the vifible 
cfferyefcence of die naixture begins i and in a very 
fhort time it advances fo rapidly, that in about an 
hour almoft the whole effed will have taken place. 
If it be fuflTered to (land a day or two longer, the 
air will ftill be diminilhed farther, but only a very 
litde farther, in proportion to the firfl: diminution. 

' . The 
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The glafs jar, in which the air and this mixture 
have been confined, has generally been fb much 
heated in this procefs, that I have not been able to 
touch it. 

Nitrous air thw diminilhed has not fo ftrong ^ 
fmell as nitrous air itfelfj but fmcUs juft like com- 
mon air in which the fame mixture has ftood -, and 
k is not capable of being diminifhed any ferther, by 
a frelh mixture of iron and brimftone. 

Common air faturated with nitrpus air is alio 
no farther diminifhed by this mixture of iron filings 
and fiilphur, though the mixture ferments with 
gfeat heat, afid IweHs very much in it. 

To the experiments upon iron fiEngs and ful- 
phur in nitrous air, I mufl add, that when a pot 
jfull of this mixture had abforbed as much as it 
could of a jar of nitrous air (which is about three 
fourdis of the whole) I put frefh nitrous air to it, 
and it continued to abforb, till three or four jars 
fell of it difappeared j but the abforption was ex- 
ceedingly flow at the lafl. Alfo when I drew this 
j)0t through the water, and admitted frefh nitrous * 
air to it, it abforbed another jar fiill, and then 
eeafcd. But when I fcraped off the outer fur- 
face of this mixture, which had been h long ex- 
pofed to the nitrous air, the Remainder ab^fbed 
ftioreof the air, 

B4 ' When 
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When I took the top of the mixture which \ 
Ijtad fcraped off, andl threw upon it the focus of a 
burning glafs, the ajr in wjiich it was confined was 
diminifhed, and became quite noxious ; yet yirhen 
I endeavoured to get air from this matter in a jar 
full of quickfilver^ I was able to procure little or 
nothing. 

' Nkrous air is as much diminifhed both by irW^ 
filings, and alfo by liver of fulphur, when con- 
fined in quickfilyer^ ^s when it j$ expofcd to 
water. 

There is .a ren>arkably quick abforption of ni^, 
trous air. by a folution of green vitriol, the pardr 
culars of which are as follows. 

Having diflblved a quantity of green vitriol, 
apd put it into a phial, with its mouth inverted 
in a bafon of the fame, and having admitted a 
quantity of nitrou^ air to it, I began to agitate the 
folutiqn, in the fame manner as in the procefs for 
impregnatihg water with fixed air ;.when I obferved 
that the nitrous air, in thpfe circumftances, was 
abforbed much more readily than fixed air is by 
water. I even made a quantity of this folution 
abforb more, than t^n times its bulk of nitrous 
air, without any very fenfible approach to laturar 
tion. This folution became black by this procels j ♦ 
but wh€|i a fmall part of it was viewed by tti? 

light 
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light of a candle, placed beyond it, it looked red- 
The tafte of the folution was acid, owing, no 
doubt, to the mixture of nitrous acid, which it 
tad acquired, in ponfcqucnce of the decompofidonf 
of the nitrous air. 

When this impregnated folution was expoled to 
the open air, large green cryftals were formed at 
the bottom of the yeflel, and all the black colour 
intirely dilappearcd. But when thefe cryftals were 
formed at die bottom of a very tall veffel, they . 
were much blacker, and did not even become green 
pn being . expofed afterwards to the open air, any 
ipore than thofe which I expofed to nitrous air itfclf 
on quiekfilver. 

The changes of colour, and all the phenomena 
of the cryftals, were evidendy owing to the Ipirit 
of nitre contamed in the nitrous air, and iet at 
Ijberty in its decompofition. For a few drops of 
the acid itfelf produced the fame efFefts^ in all re- . 
ipeSrs, on this folution. 

Conceiving that the principal of thefe phenomena 
muft have arifcn from the affinity between nitrous 
acid and iron, I agitated nitrous air in a^ natural 
chalybeate water, when it prefcndy became of a 
brownifh colour, which feeiined to be a confirma* 
lion of my fuppofirion. . 

iaUb 
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.'. I alfo made another experiment in which thd 
nitrom acid mighc ffaow it& afiimty to iron in a 
manner fomcwhat fknilaf to thiSr I firft faturated 
a quantity of water with fixed air, then with iron, 
and afterwards impregnated it with nitrous air. 
The reirilt of this experiment was, that the folution 
afifumed a; colour between green and yellow j but 
it did not aUbrb much more nitrous air than water 
uninnpregnated widi fboed air, or with iron, would 
have done. 

The nitrous air wMch I had hitherto made ufe 
c£ in thefe experiments was made from copper, 
but when I ulbd that which was made from iron, 
which is an ingredient in green vitriol, the effedt 
wae not at all diflferenr. The fohition of the vitriol 
abfbrbed this nitrous air with die fame rapidity as 
it did that which was made from copper, and the 
fubfequent phenomena were alfo, in all refpe<^, 
the fame, 

I then agitated nitrous air in fbhadom of blue 
and white vitriol, the former of which is known 
t» be compoied of copper, and the ktter of zinc. 
The refuk was, that the cobur of both dieie folu- 
tions became prdendy very dark, the former chain- 
ing into a deep green, and the latter into a kind 
of brown. Not more than between one hatf and 
one third of the air (which was about one fourth 

I of 
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of the' contents of the j^ial I made ufe of) was 
abforbed ia either of thefe cafes, which is very far 
flwrt of the efFeft of the folution of green ritriol on 
the fame kind of air. 

It made no difference whether the nitrous air 
was procured from iron or from copper, in any of 
thefe experiments. For the folution of green vitriol^ 
as I have obferved, decompofed nitrous air nniade 
from iron juft as readily as that which was made 
from copper; and, on the other hand, the fblu* 
tions of blue and white vitriol were afieded in the 
very fame manner by mtroos air made from cop« 
per, as by that from iron. 

The foludon of white vitricd depofited a white 
and Hoccalcnt mati;er, and then was traniparent 
like water; bxit, being impregnated with nitrot» 
air, it prefendy became of as dark a colour as 
when it had been impregnated before that depofit 
was made. 

Spirit of nitre dropped into the folution of blue 
or white vitriol made little or no change in diat 
(notour. 

All the iblutions of vitriol which had their cdloor 
changed by the impregnation of nitrous air itco*. 
yered it again by expofure to the common air^ 
This was evidently ttkGttA by the efcap^ c^ that 
phlogUlonj which had contributed to the deepneis 

of 
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©f their colour. To afccrtam this, I filled ajAial 
about three fourths full of the folution of green 
vitriol, made black by the decompofition of nitrous 
air, and after about a week, examining the air which 
had been confined with* it, I found it to be fo much 
phlogifticated, that one mealure of it and one of 
nitrous air occupied the ipace of t.92 meafures. 

Upon the whole, it feems that the greater efFed 
of the folution of green vitriol in decompofing 
nitrous air mtdS: be owing to the ftronger affinity 
between the Ipirit of nitre and iron, than between 
the fame acid and copper or zinc. 

They fecm to ftiow, however, that there is little, 
if any martial earth in nitrous air, at leaft, that 
fuch earth exifting in nitroys air is not combined 
with phlogifton, or in a metallic ftate j fince this 
air is decompofed by the nitrow acid in it quitting 
the phlogifton with which it was already combined,, 
in order to unite itfelf to the iron in the folution, 
at the famie time that the phlogifton which enter- 
ed inta the nitrous air cojntnbutes to blacken the 
folution. It will, perhaps, however be thought 
extraordinary, that the nitrous acid, fliould have a 
ftronger affinity widi iron than the vitriolic, which, 
on this hypothefis,it mud, in this particular cafe, have« 

This cfFe6t of the folution of vitriol on nitrous 
air helps to explain a phcAOtnenon, which I h^d 

often 
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often obfcrved without underflanding it When 
the water in my trough had got impregnated with 
various metallic fubftanccs, that which was con- 
tiguous to the nitrous air, in jars (landing in it, 
would be of a darker colour than the reft of the 
water. This muft have been in confequence of 
the affinity b^fween the phlogifton in the nitrous 
air and the metallic matter- diflblved' in the wat^r, 
by means of fome acid that happened to be mixed 
with it. At one time, when the water in my trough 
was particularly foul, and feemed difpofed to make 
a depofit, I impregnated part of it with nitrous air, 
and the water, by this means, prcfently became of 
a darker colour than hiefore. 

To determine whether the phenomena attend* 
ing the impregnation of the folution of green* vi- 
triol with nitrous air depended, in any meafure, 
upon the feeming aftringency of that folution, and 
of chalybeate waters, I impregnated a quantity of 
green tea^ which is alfo Ikid to be aftringent, with 
nitrous air, but no fenfibie change of colour was 
produced in it. 

In my firft publications I mentioned a varie- 
ty of circumftances in which nitrous air is re- 
. markably diminilhed, in feveral of which it pafles 
through a ftate in which a candle bums in it quite 
naturally^ and fometimes_ with a much enlarged 

flame. 
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fax^t^ and at laft becomes mere phlogifticated air* 
Jn all thefe proceffes I took it for granted, (not 
having examined the air except when it was com- 
pletely, or, at leaft, very nearly reduced to one of 
the two ft^tes above-mentioned) that the approxi- 
mation to its final ftate of phlogifticated air was 
^uable> ib that as foon as it began to be diminifh- 
^, it alfo began ts^ Ipfe its power of affedling com- 
mon air* I &¥j> however, that, with refpeft to 
ievend of the cauies of diminution, and perhaps all 
of thi?m> the air p^flfes very fuddenly from the ftate 
jn which it is perfeft nitrous air, to the ftate above- 
inentioned; b\it that the term at which this change 
takes place is various, as fometimes two thirds, 
and fometimes fourteen fifteenths of any quantity 
on which the experiment is made, will have dif- 
appeared before any fenfible change can be ob-r 
ferved in the remamden . I have even fometimes 
been inclined to think that its power of afFefting 
common air has been rather increafed than- dimi- 
niftied at the beginning of thefe proceffes. 

I imagine, therefore, that, as foon as either th^ 
nitrous principle, Qr the phlogifton which enters 
into the compofition of nitrous air, is feized upoii 
by any fubftance which ha^ a ftronger affinity with 
either of them than they have with each other, fq 
mu(;h pf iJiq other priaciple as wa§ combined witJii 

• 
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it is precipitated^ (o that die ur which femaifis is 
not at all altered from whstf it was, at leaft for a 
fCoi]&ler^le time. It will appear, however, that 
the flower the procefs is, the greater quantity of 
nitrous air will be preserved in the flatse of phlo- 
giilicated air, and the quicker the procefs, d)C 
farther it will proceed before this chm^ t«kcs 
place. 

I enteitained the firfl: fiilpidop of my haiiiog 
hei^n n^iilaken in my fonder f^imon when I was 
ex;^nining fome nitrous air in which I had con^ 
fined a fowl, in order to prdenre it as long as. 
{^p^Jjble from puitrefaftioo. For diough diis ait 
was greatly dimifuihed in quantity, it affe6fced com^ 
mon aif quite as much 9S die b^ nitrous air 1 
had ever tried. 

Being defirous of afcert^ining diis faft with ab- 
iblute certainty, with jrefp^A to ibme one cauie of 
the diminution of nitrous air, I placed a pot of 
iron filings and brimjltm^ in a jar of nitrous air, and 
let it remain th^re a whole day, keeping it generally 
wanp, near the fire, the ingredients not being good 
of dieir kind, and not di^fcd to ferment. As 
the diminution proceeded, I kept taking from it 
fmall portions of the air, by introducii^ into k 
a fmall jar full of water ; which, being emptied 
within the jar, I withdrew,, filled with the air from 
within it. Doing this QqcafionaUy, I obfcrvcd no 

. change 
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change of the qtiality of the air when it was re- 
duced to one third of its original bulk, for it . 
retained its full power of dinriiniftiing conimon 
air. 

The next day I found it diminilh'ed to one 
fourth of the whole, and then a candle burned in 
it in a manner not to be. diftinguilhed from the 
burning of a candle in comnion air. But it was 
not common air 5 for it was not at all diminiflied 
by frefh nitrous air, and it affefted common air . 
fo litde, that one mealure of it and one of com- 
mon air occupied the ipaqe of 1.85 meafurcs. It 
had not acquired die peculiar property of fixed 
air, for it did not make lime water in the leaft de- 
gree turbid, and it bore confiderable agitation in 
Water withcHia being much diminifhed. 

The'diminution of nitrous air by means oi Jprit 
ef nitre is efFefted in the fame manner; and as 
this diminution was made more quickly, on this 
account, perhaps, it proceeded much farther before 
I could perceive any change in it. In one experi- 
ment of this kind, I thought the change took pkce 
when the air was diminllhed to one twelfth of the 
whole, but in another cafe there was no change tiU 
it was reduced to between one twelfth and an 
eighteenth part, when it was completely phlogifti- 
cated. In this mode of diminudon I was not able 
to find it in that date in which a candle could burn 
4 w 
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in it. At another time when exa6Uy one fifteenth of 
the whole remained, it affefted common air mani- 
feffly lefs than frefh nitrous air ; but here again, 
when only one eighteenth remained it had loft all its 
peculiar property. 

The diminution of nitrous air by the folution of 
green vitriol is efFe6bed according to the fame rule. 
I . decompofed nitrous air by expofing it to be ab- 
Ibrbed by the folution of green vitriol till about one 
fourth of the original quantity remained, but it af- 
fected common air as much as it had dqpe before 
any part of it was abiforbed. 

Such, aMb, is the manner in which nitrous air is 
diminiftied in a bladder. Nitrous air reduced in this 
manner from ttn ounce meafiires to two and a hall^ 
was fo much altered, that one meafure of it and 
one of common air occupied the Ipace of 1.75 mea- 
liires/ It then extinguifhed a candle without any 
appearance of a blue flame. When a litde more of 
it was abforbed by the fame procefs, I found the 
remainder all phlogifticated air, not afFedting com- 
mon air in the leaft. Till the nitrous air was re- 
duced, in this manner, to very near one fourth, it 
continued unchanged. • 

' Ifi however, common air be mixed with nitrous 
air, by which means it becomes in part phlogifti^ 
cated air, the fpirit of nitre will abforb the fuper- 
fluous nitrous air only, and confequently leave the 

Vol. II. C remainder 
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remainder more diluted with phlogifticated air. I 
put a meafure and a half of common air to two mea- 
fures of nitrous air, So that one meafure of this 
mixture and one of common air occupied the Ipace 
of 1.36 meafures. I then put fome fpirit of nitre 
to the mixture, and when it had abforbed one third 
of it, one meafure of it and one of common air 
occupied the fpace of i.8 meafures. 

I alio introduced a piece of hot charcoal into a 
phial of nitrous kir by which means one half of it 
was abforbed, and found that the remainder had nofi 
loft its power of diminifliing common air in any 
lenfiblc degree. The abforption of all kinds of air 
by charcoal is a very capital difcovery of the Abbe 
Fontana, which he has been fo obliging as to give 
me leave to mention. 

When nitrous air has been kept a long time in 
water, it is known to be diminifhed, and in this cafe 
I fufpeft that it lofes its virtue gradually, being im- 
paired from the firft. I have found, however, that 
by long keeping in perfeftly ftagnant water, the 
furface of which was expofed to the atitiofphere, and 
without any change, except to fupply the wafte by 
evaporation, it came to the ftate of phlogifticated 
air ; but by what fteps in the procefs I omitted to 
obferve, having taken it for granted that this was 
always equable. 



On 
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On the nth of November 1773, I filled two 
quart bottles with frefli made n^prous air, one from 
iron, and the other from copper^ and then fet them 
afide> with their necks immerfed in jars of water, 
and never agitated the air or the water in contadt 
with it, onl}^ fupplying the jars with frefh water as 
1 perceived it was wanted. On the 29th of Sep- 
tember 1778, I examined the flate of thefe bottles* 
of air, and found as follows* Of that which had 
been m^ from iron about one half was abforbed, 
and of that from the copper about a third ; but both 
of tfaem were ojually and perfedtly phlogifticated, 
m^ng no efiervefcence with common air, and ex- 
tinguilhing a cajidle. That which had been made 
from copper did not make lime waxer turbid, and 
the fame, I doubt hot, would have, been the cafe 
widi the other, if it had been tried* I did this from 
a fiifpicion, that, fince jBxed air may be compofed 
from the nitrous acid, nitrous air, in fome of its 
changes, might, in part, afTume that form. I had 
not ^ven much attention to thefe bottles of air, but 
I do not think they had been at all diminifhed the 
lafl yearjt^or the lafl year and a half. 

Pyropborus alio decon^ofcs nitrous air,, and pre- 
lendy reduces it to the ftate of phlogifticated ain 
Having put a quantity of it into a glafs jar flanding 
inverted in quickfilver, I ,introduced fome nitrous air 
€0 i^ when the pyrophoras became inltantly red 

•C 2 hot 
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hot. What remained of the nitrous air had no ef- 
feft on common air, and extinguifhed a candk. All 
this change was efFefted at once. For though the 
nitrous air continued in the jar a day and two nights 
after it had been admitted to the pyrophorus, there 
' was no farther change in its dimenfions. 

Since pyrophorus fires pretty much alike in ni- 
trous and in dephlogifticated air, thefe two very 
different kinds of air muft contain fome common: 
element j and this may be either water ^ or the aci^ 
difying principle. It is moft probable that nitrous 
air contains both, though in a very different ftate 
of combination, and in different proportions than 
thofe in which they exifl in dephlogifticated air. 

The willow 'plants as I fhall obferve, ablbrbs ni- 
trous air as well as every other kind of air. What 
were the immediate flates of it I did not note, but 
when the air was reduced to one tenth of its bulk, 
I found it to be mere phlogifticated air. 

Nitrous air, as I have obferved, is prefently de- 
compofed by U folution of green vitriol in water, 
which, in confequence of it, becomes of a very 
dark colour j but becomes green again on bcing- 
expofed to the open air. In this and many other 
properties, the effeft is the fame as that of mixing 
a fmall quantity offpirit of nitre with that folution. 
Having impregnated a quantity of the folution in 
this manner, I heated it in a glafs phial, and found 

that 
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that it gave out half its bulk of pure nitrous air, 
but when it had Ipft its dark colour, it gave no air 
at all by heat. 

I have afterwards obferved this change of colour 
to be a criterion of the prefence of a very fmall quan* 
tity of the martial falts in water. When a very litde 
of it has been accidcndy formed, in the courfe of 
my-experiments, and mixed with the water in my 
trough, I have never failed to difcover it by the 
dark colour of the water in thofe jars which con- 
tained nitrous air. This change of colour muft, as 
I obferved before, have been produced by the phlo- 
gifton of the nitrous air, the jjitrous acid having no 
fuch effcft. This was alfo the cafe with a folutioa 
of copper in nitrous acid ; but the change was not 
from blue to a darker colour, but into green. 

I filled a jar, about an inch in diameter, and 
twelve inches long, with that folution of copper in 
fpirit of nitre which remains after making nitrous 
air, and which is of a beautiful blue colour. Then 
inverting it in a bafon of the fame, I introduced to 
it a quantity of pitrous air. After fome time I ob- 
ferved that the air was confiderably diminifhed, and 
that all the furface of the liquid in contaft with the 
air, to the depth of about a quarter of an inch, was 
of a beautiful green colour. This air kept dimi- 
n'ilhing fome months; and the green colour of the 
(blution extended two or three inches within the li-p 

C 3 quid 
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quid. At Jaft there remained only two Tevenths of 
the original quantity of air j and, examining it in 
that reduced ftate, I found it to be mere phlogifti^ 
rated air. Had it been examined in the interme- 
diate ftate, it wouid> I doubt not, have been found 
to be of that kind of air ift which a candle will burn^ 
The experiment was begun on the 4th pf Oftobcr 
1779, and the air was not examined till fh? aotb c^* 
July 1780. 



SECTION III. 

Of the Dminuticn ofnknu^ Air iy the el^Sric Sparky 

t T 

TH E cleftric ipark taken in nitrous air, dimir 
nifties it to one fourth of its original quan^ 
tity, which is abopt the quantity of its diminution 
by iron filings and fulphur, and alfo by liver of 
fulphur without heat. The air is alfo brought by 
cleftricity to the fame ftate a? it is by iron filings and 
fulphur, not diminjftiii^ commop air, If th^ 
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^eftric 4>ark'be Gdcen in k when it is confiiied by 
-water tinged with archil, it is prefently changed from 
blue to red, and that to a very great degree. 

This experiment I have frequendy repeated, iri 
order to afcertain nmore particularly dip quantity .and 
quality of the refiduum* In one experiment I re- 
tduccd half an ounce meafure of nitrous air, in Icfs 
than half an hour, to one quarter of its bulk i but 
then one fourth of it was ftill nitrous, and the reft 
phlogiftic2tt:ed air. Receiving it in linn: water, there 
itemed to be a flight precipitation ^ but this cir- 
cumftance will perhaps be explained in the following 
(experiment. 

I took the €k<3:ric fpafk in a quantity of nitrous 
akr tiH there remained no more than one third of 
It, and this was completely phlogifticated, not af- 
fe£ting common air at all, and excinguiihing a can- 
dle. A white matter was formed with the mercury 
lOver which the fpafk was taken, which made the 
water admitted to it extremely turbid. At that 
jime I fuppofed that this white fubftance was mer- 
curial nitre, confifting of nitrous acid from the de- 
compofed nitrous air and mercury. I Ihall now 
examine it more particularly. Why there fhould 
be more than one third of this quantity of nitrous 
mr left pure phlogifticated air, and not •one fourth, 
M in the fprmer experiment, X cannot tell. 

C4 I« 
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In another procefs I took the eleftric Ipark in a 
quantity of nitrous air, till it could be no more di- 
minifhed ; when it was in proportion to its former 
bulk, as lOi to 24. Letting it ftand all night up- 
on the mercury, it was increaied to the proportion 
of I li to 24, feemingly by the acid uniting to the 
mercuiy, and generating more nitrous air, fince it 
had that fmeU. No water appeared after the pro- 
cefs, and the water admitted to it acquired no acid 
tafte, but an aftringent one, like water impreg- 
nated with nitrous air. The^:e was a white powder 
formed, as in the former experiments. 

Thinking to make water imbibe the acid from 
the nitrous air, decompofed in this procefs, I took 
the electric fpark in it with a fmall quantity of wa- 
ter over the mercury. But even this water did 
not acquire any acid tafte, but only an aftringent 

one. 

It remains to be afcertained on what principles^ 
the nitrous air is decompofed in this procels. That 
it is not by means of the heat communicated to it, 
may, I think, be inferred from an experiment, in 
which I made a quantity of nitrous air pafs through 
a red hot tobacco pipe, without producing any 
change in it. Neither does it feem to be the light 
of the eleAric fpark, fince I have heated pieces of 
crucibles in nitrous air b/ the fun beams, without 
making any change in it. 

Upon 
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Upon the whole, it may be moft probable that 
this change depends upon pbkgtftonj as it is fimilar 
to that which is made in nitrous air by the contact 
of iron, and efpecially by heating iron in this air. 
There is diis difierence, however, in the two pro- 
ceffes ; that in that with cle&ricity the refiduum is 
wholly phlo^ilicated air, and the intermediate ftate 
. of dephlogifticijted nitrous air is not found. At leaft 
I have not obferved it. 

I afterwards repeated with particular care this ex- 
periment of decompofing nitrous air by the eledbic 
j^ark ; firom which it appears that, in this procefs, 
though not in that of heating iron in it by the fun 
beams, fome acid is really depofited from the air. 
But it is ib little, that it may perhaps be fuppoied 
to have been contained in it, as an extraneous lub- 
ftance, not feparablc from it by Handing in water. 
It is alfo to be obferved that, in this procefs, I was 
never able to produce any dephlc^fticated nitrous 
air. Whenever the experiment was fulpended, the 
air was always found to be either nitrous or phlo- 
gifticated. 

In one experiment of this kind, to which I gave 
particular attention, an ounce meafure and a half of 
nitrous air was reduced, to 0.4 of a meafure by elec- 
tric exploiions, taken m a veflel of mercury, with 
a litde pure water on the furface of it ; an iron wire 
introduced through the mercury, and into the air, 
being ufed for the purpofe of taking the explofion 

at 
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at % proper diftance. After the greateft poffible 
diminution of the air I could perceive no change of 
colour in the water, but after a few hours ftanding. 
it had a purplifh colour^ and after a day aad nighty 
it was become of a deep red, and very turbid, evi- 
denriy from the folution of the iron. The water 
Was acid to the taile, but in the flightcft degree ima- 
ginable 5 and I could perceive by the fmell oi it, 
that there was a litde nitrous air ftill contained in it, 
though I could not perceive .any rednefs on expof- 
ing the veffel to the open air* A lighted candle 
being dipped into it, was immediately extii^ifh-^ 
ed. ^ 

There was one circumftance wWch I cannot ea** 
fily account for in this procefs. After the diminu- 
tion of the air would proceed no farther, I obferved, as 
before, that, after fome time, there was an increafe of 
the quantity of it, viz. about one tenth of an ounce 
meafure i but after this the air was gradually con* 
trafted to its former dimenfions, without any far- 
ther ufe of eleftricity. 

1 repeated this experiment with the fame quantity 
of nitrous air, and it was diminifhed in about the 
fame proportion as in the preceding. But examin- 
ing the water before it had been difcoloured by the 
folution of the iroti, I could only perceive fome 
i^ftringency in the tafte of it, though it reddened a 
confiderable quantity of water tinged blue with the 
jirice of turnfole^ There was alfo ftill fomething 

hitrous 
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nitrous in the refiduum of this ain For being mix* 
ed in equal quantities with common air, the {^<. 
dard was about i.8. It contained no dephlogifti^ 
• cated nitrous air, as it was not fenfibly diminiihed 
by agitadon in water. 

Laftly, I neariy filled a phial, containing about fix 
Ounce meafures of nitrous air, confined by quick- 
filver ; and taking the eleftric fpark within it, it . 
was in about an hour diminiihed about one hal^ 
but after that very litde. The quickfilver was 
much corroded, and a candle went out in the 
remainder of the air. The diminution of common 
air by the eleftric fpark requires a good deal of 
time, but this procefs goes on very rapidly with ni- 
trous air. I repeated the experiment in a tube a 
quarter of an inch in diameter, receiving the fpark 
upon wat^r tinged blue with the juice of turnfole j 
and the diminution was fo quick> that the motion of 
the water up the tube was conftandy fenfible to 
the eye. The wafer was deeply and permanently 
red. 

As the ejeftric fpark cannot be fuppofed to com- 
municate fo much phlogifton, as the heating of iron 
by the liin beams, we may be better able by this 
procefs to afcertain the quantity of phlogiflon con- 
pATitd in phk^fHcated air ; fince the refiduum pro^ 
bably contaiiK all the phlogifton belonging to the 
fiitrous air froip whigh it is m^e, and if we may 

calculate 
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calculate from the numbers in the former of thefe ex- 
periments, phlogifUcated ^r muft contain about four 
times as much phlogifton as an equal bulk of ni- 
trous air ; or, as appears by my former experi- 
ments, almoft four times as much as inflammable air 
made from iron by oil of vitriol, or fteam, of which 
one half is probably phlogifton, and the other half 
water. 



SECTION IV, 

Of the nitrous Acid produced from nitrous Airy ly 4 
Decompofition with common^ or dephlogijlicated Air. 

IN order to complete the analyfis of nitroqs air, 
the nitrous acid which it is capable of forming 
by means of pure air, and which is a principal in- 
gredient in its compofition, ought to be more efpe- 
cially attended to j and it is not difficult, by means 
either of common or dephlogifticated air, fb to de- 
compofe it, as to coUeft almoft all the acid that it 
can afTift in forming. And could we apply any 
certain meafure to afcertain the ftrength of this acid, 

we 
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we might meafure it in this as well as in any other 
cafe. 

It is .well known that when nitrous air is mixed 
with as much common air as it can completely phlp- 
gifticate, it is itfelf decompofed, and elpecially that 
the acid which it ailifls in forming, immediately ap- 
pears in the form of a red vapour, which is abforb- 
ed by water, if the decompofition be made over 
water, or imbibed by alkaline or metallic fubftances, 
if any fuch be at hand to unite with it. Now by 
providing a given quantity of water to imbibe this 
acid, formed by a known quantity of nitrous air, it 
will be eafy to afcertaifi the quantity of nitrous acid 
transferred to the water, by finding how much ni- 
trous ^r that acidulated water will yield, by the fo- 
lunon of copper, or any other metal. In this man-* 
ner^ at leaft, the ftrength of the acid may be com- 
pared with the ftrength of any other nitrous acid in 
a fluid form. 

The apparatus for this experiment is very fimple, 
and very eafily applied. I firft provide a phial of 
a convenient fize and form for the impregnation of 
the water, which ought to be pfetty large, in or- 
der to decompofe a confiderable quantity of nitrous 
air at one procefs ; and having fitted a cork to it, I 
perforated the cork, fo as juft to admit the nozzle of 
a fmall funnel, when it is thruft in pretty hard. I 
then tie this cork in the mouth of a bladder large 

enough 
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enough to contain at leal): half as much air as the 
phial. But if I ufe dephlogifticated air inftead of 
common air, for the decompofition of the nitrous 
air, the bladder ought to contain about 6ve times as 
much as the phial. 

If the proccfs be made with common air, I con-* 
vey into the bladder half as much nitrous air as 
the phial can contain i and taking care to diipole 
it-fo that 410 water that may be in the bladder can 
get into the phial (which is notdifiicuk to manage) 
I withdraw die funnel, and put the cork of the blad* 
der into the phi^l ; then prefling the bladder a litde 
at firft, in order tx) force a littk of the ukrous air 
out of the bladder into the phi^, the eflSbrvefcencc 
immediately begins^ and of courfe the diminution 
of the air in the phial ; the confequence of which 
is, a demand for more nitrous air from the bladder, 
to fupply the place of that which had difappeared. 
This again produces a ftronger effervefcence ; and 
by, this means, after the rednefs has begun to ap- 
pear in the phial, all the nitrous air will prefenfly 
be drawn out of the bladder, and be decompofed 
within the phial ; and all the acid that it forms will 
be imbibed by the water in the phial, or by any 
other fubftance that miay be placed there for the 
purpofe. 

Before I endeavoured to afcertain, by this means, 
the precife quantity of nitrous acid fumiftied by a 

given 
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given quantity of nitrous air, I was willing to try- 
how ftrongly I could impregnate a quantity of wa- 
ter with the nitrous acid in this manner } and I 
found that 1 could-make four ounce meafures and a 
half of Water receive all the acid that could be 
fupplied by 300 ounce meafiires of nitrous air ; and 
that then the water was become quite blue. But 
water impregnated with the nitrous acid vapour 
either in this manner, or from the folution of metals 
in ftrong nitrous acid, adheres to it very flighdy, 
and can hardly be prevented from making its efcape. 
It is impoffible to pour water thus impregnated 
from one vefiel to another, but the copious red 
fumes which iffue from it, even when the water is 
quite ccdouriefs, fhew that it fufFers a great lofs of 
its add. A quantity of the impregnated water which 
I got in this experiment, equal in bulk to a quantity 
of diftilled water weighing four penny weights, be- 
ing poured upon copper, yielded only one ounce mea- 
fiire and a quarter of nitrous air. The fame quan- 
tity of the ftrong fpirit of nitre made in the common 
way will yield twelve or fifteen ounce meafures. In 
order to make my principal experiment with more 
accuracy, I was taught by this to think it neceffary 
to provide fiich a quantity of water as would be but 
flighdy impregnated, that the lofs by evaporation 
might be the lefs In proportion. 



In 
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In order to compare the quantity of nitrous acid 
form'ed by a given quantity of nitrous air, with the 
quantity of acid contained in an equal bulk of red 
nitrous vapour procured by the folution of bifmuth, 
I faturated a quantity of water in the method de- 
fcribed above, with as much of the acid as was con- 
tained in a pint phial of nitrous air j and having 
filled the fame phial with the red vapour, I put 
into it the feme quantity of water, to imbibe that 
vapour ; and then pouring all the water impreg- 
nated with nitrous acid from the nitrous air, and af- 
terwards that which was impregnated by the nitrous 
vapour, upon equal quantities of copper, in a phial 
fitted with a ground Hopper, I cdlefted the ni- 
trous air that they yielded, and found them to be ex- 
a6tly the fame ; and this was one fcventh of the 
quantity of nitrous air by which the acid had been 
formed ; fo that, provided there was no' lofs pf the 
acid in the procels (and I am pretty well perfuaded 
that the lofs could not have been at all confiderable) 
it may be inferred from this experiment, that the 
nitrous acid which is detained in the Jalt made by 
the folution of copper, is fix times as much as can 
be formed by the nitrous air procured by that fo- 
ludon. 

In order to afceitain what quantity of nitrous 
vapour I had got in the phial that was filled by 
means of the folution of bifmuth, I filled the phial 



a {econd dmc in the iame manner^ as nearljr as I 
could determine (but this eftimate is attended with 
a good deal of uncertainty) and admitting water 
to it^ I found that a little leis dian one half entered 
it; that proportion of its contents having been 
occupied by the nitrous vapour^ and the remainder 
by the common air difiufed through it. Confer 
quently; nitrous air does not form quite half io 
much nitrous acid as the fame bulk of red nitrous 
vapour from the folution of bifmuth^ fuppofing 
that as much red vapour was contained in the phial 
^ can, at a medium> be thmwn into it* But tw9 
phials will look almoft equally redj £> as hardly to be 
diflinguifhed by tte eye, when one of them does not 
coAi;ain much mone than half as much a^ the other. 

The ikuration pf w^er with nitrous acid from 
nittpus air» by means of dephlogifticatekj air^ mak?^ 
% pkaGng experiment, Qn account of the greac 
quantity of nitrous air decompofed by this mean$ 
at one proeeis, the quicknefs wid) which the de* 
compofition is made, and the vifible efieft of the 
ibdden impregnation on the water, Fpr the fur«>» 
face of it inftantly becomes^ as it were, oily, de- 
luding in waves firom the top lo the bottom of 
the watery while nitrous air ifllies plentifully frpm 
the bottom and fides of the vefiel i a moft remark^ 
able phenomenon, of whic^ a full account wiU be 
given in a proper, place* 

Vol. 11. D SEC- 
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SECTION ¥• 

Of Water in nitrous Air. 

THAT water enters into the compofition of 
nitrous air, is not improbable, becaufe it is 
procured in fo great abundance froni pure water 
impregnated with phlogijfticated nitrous vapouri 
and alio from its not being procured from copper, 
and other nietals, except iri a very diluted folutiori 
of the nitrous acid. 

That water enters into the conftitu'tion of every 
kind of air I alfo fuppoled, becaufe it certainly does 
into that of imflammabky fixedy and dephhgijiicated * 
air. That nitrous air contains water, I have lately 
found from the iron that is heated in it becomiing 
a proper finery cinder. 

I had found before, that iron heated in nitrous - 
air acquired Weight, and that what remained of 
the air was phlogifticated ' air. Havmg fince that 
time repeated this experiment, and afterwards heat- 
ed the iron, which, was by this means increafed in 
weight, in inflammable air, the iron loft^ its addi- 
.tional weight, and water was copioufly produced," 
as in the fame procefs with finery cinder, or^ as I . 

fometimes call it, fcale of iron. 

As 
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As nitrous air may be deprived of its water> 
^d become phlogiflicated ^r by heating iron in ic^ 
I find that it undergoes the lame change by being 
repeatedly tranfmitted tbd-ough hot porous earthen 
tubes, through which I fome time ago discovered 
^t vapour will pafs one way, while the air con-- 
tigaous to the heated tube will pals the other. 

I firH: tried this procefs with turnings of iron in 
the tube, by which means the iron was readily 
converted into finery cinder $ but afterwards I found 
th^t the fame change was produced in the nitrotis 
^r by the hot tiibe only. The two bladders which 
I made ule of in this experiment (and by the al- 
ternate prellure of which I made the air contained 
in them pals through the hot tube) became redi 
juft as any bladder doiss that is filled with nitrous 
air^ and then expofed to the iiifluende of the at- 
mofphere till it becomes phlogiflicated air, as may 
be feeri in my former experiments. In this man- 
ner I now always treat the bladders in which I 
make experiments on air. It prevents them from 
putrefying, and gives them a firnuiefs of texture 
limilar to tanning; 

That nitrous air contains water^ and that this 
water can contribute to the formation of fixed air, 
is evident from the following experiment. I heat- 
ed five grains of charcoal of copper in eight ounce 
meafures of nitrous air, rill it was increafed to ten 

D 2 ounce 
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x;[oxiz^ meafures^ and, th« c;h;»rco^ h^ k>ft Qne 
grain. Examining the air» I finrnd alnrnt ^n^ 
fifth of it to be fixed air, asd the refti^ifl^cr 
phlogifticated- It fccnns, themfofc>. tfeat mtr^w^ 
air conlKb of water, and fomerfuftg rfw^t ipay be 
called the bads of nitrous acid> or that fiibilance 
which, when united to dcphlogifticac^ air* will 
make nitrofis acid^ and thi$ k^XM ta be pure 
phlogifton, fince it is found, 2» the preceding ex-> 
peririient ftiews^ in the pweft jjofl^mmabk ftir# 
May we not hence infer, that the niirous 13 -^ 
fimpleft of aU the acids, and perfeaps the bafis of 
all rixe reft? 

It is evident, that more wa^er; than mv^n mto 
the.compofition of nitrous air i$ neceffary f^r the 
change of it into what I have caUsd ^fphkgifiicc^^i 
nitrous air^ becaufc tfee cont?aA <4" ifWwiU- i^qt, 
withoajt watec^ produce that ^ha^ in k, 

Thcftigh fixed mr, as I have fheiwp><;;Qniiiin9 water 
as well as nitrous air> it cannot be deprived C>f it, 
and be decompo&d, by the fenae meaos; for i 
have heated iroh in it by a burmng k^s, and have 
alfo made it pais repeatedly through a hot earthen 
tube containing turnings qf iron, without producing 
^y change in it, . 

That aothifl^ is necefiSiry t^^ the formation of 
nitrous air befides pUogifticated nitrous acid and 
water, is evident from,the produ^gn df it by th^ 

impreg- 
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impregnation of pure water with phlogifticated ' 
nitrous vapour, formed by the rapid fblution of 
biimuth ; an experiment which I have mentioned 
before. However, to make it in a more unex* 
ceptiond3le manner, I interpoied a glafs veflel be- 
tw6«i that in which the folution was made, and 
chat in which the water to be impregnated with 
the phlogifticated vapour was contained; that what- 
ever of the fohjtion was diftilkd over by the heat 
of the procds (which evidently occafloned die dropis 
ping of a blue Uquor from the end of the tuW 
dmn^h which the vapour was delivered) mi^ 
be prevented from reacUng the water. In theft 
drcumftancts^ however, when nothing but the dry 
phlogifticated vapour could enter the water, it be« 
gan CO iparkle, and yield nitrous air very coptoufly, 
as ibon as it had acquired a blue tinge fronl the 
impregnation. This is a Very ftriking experiment 
CO all peribns when they have feen it the fiift 
time. 

Nitrous air is alfo produced by pouring i fa^ly 
cdoured, or phlogifticated, nitroizs acid intb pure 
water, in which no metal or earthy ftiacttr is any 
way concertied* 
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SECTION VI. 

Of the Decompojition of nitrous Air hy heating in if 

Iron or Charcoal. 

NITROUS air feems to contjun more water 
than phlogifticated air. For when iron is 
heated it, which, by getting water in this procefi, 
becomes finery cinder, the nitrous air is converted 
into phlogifticated air, as will be feen more dit 
tin£Uy hereaft:en Hot charcoal has a fimilar efieft 
upon it. 

I dropped a piece of red hot charcoal into a 
phial of nitrous air, and immediately inverting it 
in a bafbn of mercury, the air was prefendy reduced 
to one 'fifth of the whole. Thus it continued two 

» 

months, without any fenfible change ; afi:er which 
I found that the air that remained unabforbed did 
not zSk& common air, nor did the air that was 
emitted by the charcoal, when it was plunged in 
water j fo that, in both thefe cafes, the air leems 
to be iniirely deprived of its peculiar properties, 
and to become mere phlogifticated air. 

Having heated '/m in nitrous air, I proceeded 
to heat in the fame air a piece of charcoal^ not 

long 
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long after it had been fubjefted to a Itrong heat 
covered with fand. The fun not fhining imme- 
diately after the charcoal was introduced into the 
veflcl of air (through the mercury, by which it 
was confined) part of the air was abforbed; but 
on headng the charcoal the quantity' was fbon in* 
creafed. Having continued the procefs as long as 
I thought nece£^, I examined the air, and found 
it to be about as much as the original quantity of 
nitrous air, but it was all phlogiilicated air, ex- 
tinguifhing a candle, and haying no mixture of 
fixed air in it. At one time, when I dipped % 
lighted candle into it, I thought there was an ap- 
pearance of its containing fomething inflaminable^ 
but it was in the fligh^ft degree ims^^ble* 
There was, however, evidendy fome^hipg inflam- 
mable in the air expelled by water from this (^lar-r 
coal afterwards. 

When I heated charcoal of copper in nitrous air, 
tl^re was a fmall addition to it, of perhaps a twen- 
tieth part ; and being examined, it was found to 
contain two feyentl^ of its bul}c of fixed air, and 
the reft was phlogift^c^ted. This char^ in four 
oiH^ce meafures of the air was produced by the lofs 
of between oi^e fourth and one half of a grain of 
the charcoal, and the copper was evidendy revived.; 

That fixe4 air fhou^d be produced in diis experi^. 
n^ent, ^and not in the preceding/ is rather extradr- 

D 4 dinary. 
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dinarjr. In this circumftance it refembles the ex* 
periment on the heating of charcoal of copper in 
dephlogifticated ^ir. 

It is fomcthing remarkable that heating the /(^4les 
4fir(m in nitrous air, hqts the fkme efFe£t as heating 
iron itfelf in it, but then much more time is requi* 
fite to produce the fame effedt. 

I heated a quantity of fcales of iron in nitrous 
air till two ounce meafures and fevtn tenths were 
itduced to one ounce meafure ahd thirty five hun- 
dredth parts, and then found it to be wholly phloi^ 
gifbcated air, extinguifliing a candle, and neither 
•ffefting common air, nor being afFefted by frefh 
nitrous air* During the procefs tlie furface of the 
ibdes on which the focus of the lens fell were af-r 
ftCttd in a very peculiar manner, as if they were 
foperficially melted, the parts being in a ftate re- 
fembling that of ebullition, which continued a loil^ 
time on the fame fpot. No moifturc was produced 
in the procefs, as is the cafe when thefe fcales arc 
heated in inflammal^le ain 

Whtti I put the fcales which had beeft ufe^ h\ 
this experiment into diluted oil of vitrioli it be* 
frame white like milk, and very little air was pro- 
duced, even by means of heat. 1 got, however, 4 
few bubbles; fo that with good management I 
covibi juft be fure that it was not fixed air, that it 
4id no; afl^ nitrouj^ air, noriffas a0e^ed bylt 

SEC- 
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SECTION VII. 

Of Dolafiie Jlkali frocured hy Ms am of nitrous -4fr. 

HAVING, for the purpofe of producing a 
large quantity of that kind of nitrous air in 
which a candle burns with an enlarged, or with a 
vivid flame, filled a large jar with pieces of iron 
wire, and having repeatedly poured upon them a 
diluted fcdution of copper in the nitrous acid, at 
length a tlwck incruftation was formed upon them; 
and having no occafion to make ufe of the jar 
jfbr feveral months, I took no notice of it till I 
found the jar was buift by the fwelling of that 
^afine incruilation. 

The fubftance of this matter was generally red, 
being the calx of iron ; but there was mixed with 
it a quantity of green matter ^ which, when broken 
had a ftrong fmell of volatile alkali. I then doubt- 
ed whether this arofe from any of the materials I 
have mentioned, or from fomething elfe which had 
got into the jar, unknown to me. If the former 
were the cafe, which, however, at that time, I couki . 
hardly fiippofe, I thought it to be not a ^little re- 
markable ; but I have fince had another oppor^ 

tunity 
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^tunitjr of obfcnring the fame faft j having examin- 
ed a fccond jar filled widi iron wire, which had 
been treated in the fame manner, \^d found the 
fame ftrong fmeU of volatile alkali. . Alfo I now 
the lels wonder at this faft, which puzzled me fb 
much at the firft, as I find, in Mr. Keir's very 
valuable notes to his tranflatioij of Mr. Macquer's 
chemical didionary, that volatile alkali has been 
found in many earthy fubjlanpes, and amongft 
others, i^ ruft of iron diJiUle^* 

It ihould leem that, in general, the calces of 
medals contain lefs phlogiflon than the metals them- 
felves i and for this reafon I was originally led to 
conclude, that nitrous air expofed to iron, which is 
evidently turned to ruft^ or a calx in it, had received 
phlogiflon from the metal ; and I therefore termed 
. the nitrous air that bad been fo treated pbhgiflicaied 
nitrous air. I now think it moft probable that this 
ruft of iron contains more phlogifton than the iron 
itfcl^ and that the nitrous air, in which, after this 
procefs, a candle burns better than in common air, 
is properly termed a dephlogijlicated nitrous airy 
having parted with its phlogifton to the iron. 

Having found that iron which had long rufted 
in nitrous air, gave out a ftl-ong fmell of volatile 
alkali, I afterwards repeatedly obfervcd the fame, 
and alfb fome other curious particulars relating tQ 
file experiment. 

In 
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In all the cafes in which I had before obfcrved 
dus finell of volatile alkali, the iron had been ex- 
pofcd to the nitrous air a very long liihe. But 
this efie£t is produced much fooner by putting the 
iron into a weak Iblution of copper in the nitrous 
acid, fuch as remains after making nitrous air, and 
*fuch as I now commonly ufe in order to procure 
dephlogUlicated nitrous air. A phial containing 
ibme of this . iron, which; had been ufed not more 
than once for this laft mentioned purpofe, having 
been kept clofe corked about two months, was acci* 
.dentally broken; when ibme pieces of the iron 
were found covered with a green ruft, and thefe 
had a ilrong fmell of volatile alkali, 

Timcj however, is requifite to produce this ef- 
fecfl. I put fome of this iron (whicli was of the 
turnings) moift, from a folution of copper in the 
nitrous : acid, into a phial ; and ftopping it dole, 
left it to ftand with its mouth immerfed in water. 
At that time it had no fmell, nor had it any a 
month afterwards i but examining it again after 
two months, the fmell of volatile alkali was pretty 
ilrong. 

Having, in an early period of my experiments, 

been much ftruck with the change of nitrous air, 

f n confequence of the contact of iron, I kept fcve- 

fal. large botdes filled with fmall pieces of iron, 

* which I occafionally fupplied widi nitrous air. 

"The 
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The bbttles (hould be fltong ones^ becaufe the iron 
in rufting iwells^ and is apt to bfeak the phials^ 
though I do n6t know that this eveir happened 
except when t^^e iron was quite dry. The con* 
fequencc of expofing nitrous air in this manner 
had always been^ in the iirll: place, a diminution of 
fomething more than one third of the quantity of 
Vij in which fhce a candle would bum in it with 
an enlarged flame; and when well wafhed in water 
k would be fardier diminiih^d about one half, when 
the remainder would be phbgifticated ain I had 
never obferved any increqfe of air in thefe bottles^ 
though fome <^ them had been ufed a longe time. 
But having negle^d one of them about a year 
{though the mouth of it had always been kept 
immerfed in water) I cailially obferved, that bub* 
bles of air occafionally iflued from it. This fur* 
prized me very much, as I ima^ned it had hot 
been half filled with alt; and placing a veifel to 
teceive thefe bubbles, in about a week or ten dayd, 
I. got about the quantity of an ounce tneafore. 
It Contained no fixed air, but was all ftrongly in- 
flammable, and when I analized it,^ it appeared 
(0 be of that kind into, which alkaline air is con- 
verted by heat 

It feems aa if the phldgifticated air which is 
ultimately produced in this procefs, had been de- 
eompoftd in thefe circun^ilances, k as to ^rm thi^ 

J inflam- 



inflammable air^ but on what principle this fhould 
take place, I cannot imagine. 

In order to make a companion between the 
inflammable mr ]Mt)dueed from tkb bottle^ and 
that which had been made fit>m alkaline air^ I ex- 
ploded eqml meafures of each of them with equd 
quantities of the fame dephlo^fticated air^ the (bui* 
dard of which was 0.3. When I made the ex- 
plo^on with ^ inflammable air from s^iU;/ ^e 
tiiil dimimitiQn wns to 1.2, and with tbac from 
the bottle it was m* Of thcfonmr refiduum the 
Itandar^ was m i aod ol[ t&e latt^ 0^98* Neither 
©f tiibem <)09fii»iqd wf pQrUw of fixed air^ On 
ihe wjiole^ the ittftmbliuriqe between tbefe two kinds 
x^ w was f(? greftt, and the difference between 
tham (q /jw11> that thef maf be concluded to have 
ha^thiQ faiik pd|^ and the ianie conftitutiorL 
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SECTION vni. 

Generd Obfervations on the conftituent Principles of 

nitrous Air. 

THERE b no kind of air, the conftituent 
principles of which feemed to be more clear- 
ly afcertained dian thofe of nitrous air, by thofe 
I^oibphers who admitted the dodtrine of phlo- 
gifton. We took it for granted, that it coniifted 
of nitrous acid and phlogifton. In an early period 
of my experiments I endeavoured to aicertain the 
quantity of acid contained in it. Mn Kirwan has 
done the fame, and Mr. Cavendifli alfo has con-^ 
iidered it as containing a very concentrated nitrous 
add. I had no doubt on the fubje£t till I read 
the work of Mr. Metherie, who aflerts that nitrous 
air contains no proper nitrous acid, but only one 
of the elements of it, the other being dephlogifti- 
cated air, which had before been confidered by Mr. 
Lavoifier as the principle of all acidity. 

Among other obfervations in fupport of his af- 
fertion Mr. Metherie has the following. Nitrous 
air burned together with inflammable air, produces 
no nitrous acid, p. 145. Though nitrous air is obtained 

from 
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from a folution of mercury in nitrous add^ almoll alt 
the acid is found in the lblutff>n, p. 146. Nitrous air 
abfbrbed by marine acid> does not make aqua regia^ 
p. 1 5 3. He is of opinion that a (mall portion of the ni- 
&-0US acid being decompofed, fumifhes a pure air, {o 
altered that, uniting with in&anmable dr, it changes 
it into nitrous air, p. 1 50. 

As to this bypothefis of Mr. Metherie, I can^ 
not fay that I well underfland it; but, being ftruck 
with his objervaiionsy I began to review the experi- 
ments which I had formerly made on this kind of 
air, and could not recoiled any of them in which 
it appeared that real nitrous acid was produced^ 
except when nitrous air was combined with de- 
phlogiiticated air, befides the experiment in which 
it was decompofed by the electric fpark, which 
fiimilhes a ftrong objefbioQ to this hypothefis. In 
every other view Mn Medierie's theory appeared 
to me not improbable, and led me to nriake the 
following experiments, which though not decifively 
in favour of it, may deferve confideration. They 
will at leail ihew that, if there be all the elements 
of nitrous acid in nitrous air, they muft, together 
with an additional portion of phlogifton, exift in 
the phlogifticated air that is formed in the pro- 
ceiles. 

When nitrous air is decompofed by iron, or by a 
mixture of iron and fulphur, I have obferved that 

the 
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the Water over which the proccfi is made, acquires 
no acidity by it i but I had fuppofed dmt Jl the 
acid had been fei^ by the iron. Having by me 
a cofiTiderable quantity of this iron, which had beeri 
reduced to a perfeft ruft in nitrous air, and which 
I i^ew mwft have imbibed more than its weight 
of this air, I thought that I might get the acid out 
of it by diftiUation, if it contained any. But a 
qiiantity of this ruft of iron, carejflilly diftilled in an 
earthen retort, yielded neither nitrous air, nor ni- 
trous acid, at kaft in any quantity th$t could favour 
the cpminQn hypothefis. For befides the ^ir (oi 
which an account will be given in its proper place) 
£bme ounces of this ruft yielded only a few drc^s of 
liquor, which was not fenfibly acid to the tafte, andl 
when poured into a little water, tinged blue with 
dsi^ juice pf turnfole, barely turned it red. But fb 
flight a degree of acidity as this might have come 
(and I have no doubt did conrie) from the union 
of nitrous air with dioie bubbles of common air 
which could not be excluded from the veffcis con- 
taining the iron^ in die many tinaes in which I 
changed the air, when I fupplied diem from time 
to dme with frefh nitrous air ; fp that the great 
mais of nitrous add which ought to have been de- 
pofited in this iron muft have been concealed in 
the pfaktgifticated air, which is generally about 
fourth of the original quantity of nitrous air« 

This 
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This brown rv& (become {o by expofurc to the air^ 
which it imbibes) became black by the expulfion 
of its air and water, and exaftly refembled that iron 
ore which is found in the form of a black fand. 
. i then endeavoured to decompofe nitrous air by 
heating iron in it with a burning lens ; and in this 
procels I fucceeded much beyond my expe&ation* 
For the air was prcfenfly diminifhed in quantity, 
while the iron became of a darker colout, was 
fometimeis melted into balls, and gained confider- 
able weight. It had no appearance, however^ of 
containing any nitrous acid, and yet water tinged 
with the juice of tumible introduced into the veflel, 
and agiuted in it after the procefs^ never changed 
its colour. 

In the firit experiment the original qliantity of ni* 
trous air was diminifhed to about one third, and 
after this it was increafed. But then I found that 
when I had got to the extreme of diminution, there 
began to be an addition made of inflammable air 
from ihe iron ; for this was evidently fo. It was 
alfb obfertrable that there was either ibme pure air^^ 
or dephlogifdcated nitrous air, in what remained of 
this procefsi For when a ineafure of this refidiium 
was mixed with an equal meafure of common ni* 
trous aSr> they were reduced to i;7. I fu^)efl:, 
however, that this was owing to a quantity of de- 
phlogifticated nitrous air being formed by this pro- 

Vol. II- E cefs. 
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{:t&i as it IS fimilar to the ruilii^ of iron in nitrbus 

In another procefs of this kind/ I reduced^ G% 
otxnce meaiures of this air to three^ and this was 
wholly p4ilo^Aicated air^ extinguifhing a candle. 
I alfo heated iron in (even oimce measures and a 
half of nitrous air, till it was reduced to 3.7 mea- 
ftires, when it appeared to be perfedtly phlogifticated 
air« The iron had then gained two grains and a 
quarter in weight, and at this time I obferved that 
there was not the leaft appearance oi moifture pro- 
duced in the courfe of the experiment. 

Then reeollefting that, in my former experi- 
ments, Homberg*s pyrophorus had taken fire in 
nitrous air, I made a quantity of this fubftance, and 
repeated the experiment with the greateft care. 
But when nitrous air was decompofed by this means, 
I faw no reaf<m to thii^ that any nitrous acid had 
been formed. In this procefs the nitrous air is rea- 
dily dimmifhed to about one half of its bulk, after 
which nothing nitrous is found in it, but a portion 
of dcphlogifticated nitrous air ; as appears by its 
being much more readily abforbed by a^tation in 
water than nitrous air is. But neither the air, nor 
any thing that can be expelled from the pyrophorus, 
difcovers any fign of containing nitrous acid. 

Having faturated a quantity of jpyrophorus with 
nitl-ous air in an earthen tube, which by this means 

became 
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became very hot, I adrhitted water to it ; and dif- 
tiUing the pyrophonis with this watery the liquor 
that came from it would not change the colour of 
the juice of tumfole ; and the air which aune af- 
terwards was 6f the fame kind with that which is 
always expelled fix)in pyrophorus after it has been 
burned in the open air, viz. partly fixed air, and 
partly inflammable. 

I fliall juft mention fonie farther particulars of 
another experiment of this kind, thou^ it was nlade 
long before I had the views which led to thofe now 
mentioned. Having, faturated about two oiincc 
ttieafures of Romberg's pyrophorus with nitrous air. 
I obferved that it had imbibed about foiir times its bulk 
of the air. This pyrophorus was of a kind that did 
not burn readily in the nitrous air, or I believe in 
common aar, widiout external warmth. Having 
withdrawn it from the nitrous air, it took fire again, 
but with more extemal heat. Then putting it into 
an earthen retort, I expelled from it ninety ounce 
inealures of air, a very fmall proportion of which 
was fixifcd air. The former portions of it extinguifh- 
ed a candte, and were of the fkndard of 1.7, and 
the latter of 1.55, buriiing with a lambent blue 
flame. Three days after this, being taken out of 
the-retort (the mouth of which had been all the time 
immerfed m mercury) a fmall part of it took fire. 
I obferved it then weighed 416 grains, and the next 
morning it weighed 438 grains. 

E 2 Then 
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There is fomcthing very remaj-kable in this fob- 
ftance burning equally well in two foch very diC- 
ferent kinds of air as nitrous and dephlogifti- 
cated. . . . . , 

In my former experim^ents I found that the juice 
of turnfole became red by being impregnated with 
nitrous ain I found, however, that this muft have' 
been owing to fome extraneous acid that was mixed 
with it. For when I took nitrous air that had ftood 
long in water, and transferred it into a veflel of 
mercury, I impregnated widi it water tinged with 
the juice of turnfole, without producing any change 
in its colour. 

I have alfo obfcrved that alkaline air admitted to 
nitrous air, made a whitifh cloud in it. But this 
muft have been owing to the fame caufe ; the ni- 
trous air in that experiment having been probably 
frelh made. For in the nitrous air vhich had been 
long confined by water, the mixture of alkaline air, 
did not produce the leaft cloud. I perceived, how- 
ever, that after the two kinds of air has been toge- 
ther a day or two, there was a fmall quantity of a 
very deeply tinged blue liquor in the fpace between 
the mercury and the glafs j which ftiows that there 
was copper diflblved in the nitrous air, and that it 
continued there after the extraneous acid was fepa- 
rated from it. On this copper the volatile alkali 
hadfeized. 

Not- 
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Notwithftanding thefc rcfults, when the eledhic 
fpark was taken in the very fame nitrous air^ with 
which the preceding experiments were made^ the 
juice of turnfole by which it was confined^ preiently 
became red. This circumftance dcferves to be 
examined with care, as it fcems to be dpcifively in 
favour of the nitrous air containing all the neceflary 
dements of nitrous acid^ 
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PART IV. 



OF OEPHLOGISTICATED NITROUS AIR. 
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SECTION I. 

Of the Difcovery of depbhgijlicated nitrous Sr^ ty, 

expofmg Iron to nitrous Jir. 

AS fixed air united to water diffolves iron, I had 
the curiofity to try whether fixed air alone 
would do it ; and as I then fuppofed nitrous air to 
be of an acid nature, as well as fixed air, I, at the 
lame time, expofed a large fqrface of iron to both 
the kinds ; fijA filling two eight ounce phials widi 
nails, and then with quickfilver, and after . that dif- 
placing the quickfilver in one of the phials by fixc4 
iur, and in the other by nitrous air j then inverting 
them, and leaving them with their mouths imnnterfed 
in bafons of quickfilver. 



In 





SeS.L fltTROUS AIR* 55 

In theie circumftances the two phials ftood ^ut 
two months, when no fenfible change at all was pro- 
duced in the fixed air, or in the iron which had been 
e3qx)ied to it, biit a moft remarkable^ and moil un- 
expe&ed change was made in the nitrous air ; and 
in pursuing the experiment, it was transformed into 
a fpecies of air, with properties which, at the time 
of mjr firft publication on this fubjedt, I Ihould not 
have hefitated to pronounce impoffible, viz. air in 
which a candle bums quite naturally and freely, and 
which is yet in the higheft degree noxious to animals, 
infomuch that they die the moment they are put 
into it i whereas, in general, animals live with litde 
fenfible inconvenience in air in which candles have 
bximed out Such, however, is nitrous air, after it 
has hctn Jong expbfed to a large fijrface of iron. 

It is not leis extraordinary, that a ftill longer con- 
tinxiance of nitrous air in thefe circumftances (but 
bow long depends iq>on too many, and too minute 
circumftances to be afcertained with exadnefs) makes 
ic^ot only to admit a candle to burn in it, but en- 
ables it to burn with an enlarged flame^ by another 
flame (extending every where to an equal diftance 
fh)m that of die candle, and ofi:en plainly diftin- 
guiihable from it) adhering to it Sometimes I 
have jpeirccived the flame,of the candle, in thefe cir- 
cumftances, to be twice as large as it is naturally, 
^d fometimes not lefs than five or fix times larger f 

E4 and 
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and yet without any thing like an exphficn, as in the 
firing of the weakeft inflammable air. 

Nor is the farther progrcfs in the tranfmutation of 
nitrous air, in thele circumflances, lefs remarkable, 
For when it has been brought to the ftate lafl men-: 
tioned, the agitation of it in frefh water almoi(l: in- 
flantly takes off that peculiar kind of inflammability^r 
fo that it extinguifhes a cand^ retaining its no^^ious 
quality. It alio Ibmetimes retains its power of di- 
minifhing common air in a very great degree. 

Nitrous air treated in the manner above mention- 
ed, is diminiflied about one fourth by flanding in 
quickfilverj and water admitted to it will absorb 
about half the remainder j but if water only, and 
no quickfilver, be uled fix)m the beginning, the ni- 
trous air will be dimini|hed much faftcr and farther j 
fb that not more than one fourth, one fixth, or one 
tenth of the original quantity will remsiin. 

The water which has imbibed this nitrous air ex- 
pofed to iron is remarkably green, alfo the phial 
containing it becomes deeply, and, I believe, inde- 
libly tinged with green j and if the water be put into 
another veffel, it prefendy depofits a confiderable 
quantity of matter, which when dry appears to be 
the earth or ochre of iron. 

Inftead of ufing iron, I introduced a pot of liver 
of/ulpbur into a jar of nitrous air, and prefendy 
found, that what I had before done by means of 

iron 
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iron in fix weeks, or two months, I could do by 
liver of fulphur in lefs than twenty four hours, elpe- 
ciaUy when the procefs was kept warm. 

When the procefs is in water with iron, the time 
in which the diminution is accomplifhed is exceed- 
ingly various ^ being fometimes completed \t\ a few 
days, whereas at other times it has acquired a week 
or a fortnight. Some kinds of iron alfo produced 
this efie(5t much fooDcr than others, but on whac 
circumftancies this difierence depends I do not 
know. 



SKO 
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SECTION 11. 

Of depblogijlicated nitrous Airy produced by the Solu^ 
lion of Metals in nitrous Acid. 

THE folution of iron in Ipirit of nitre is known 
to produce nitrous air j but when all the ni- 
trous air is produced in this manner, without foreign 
heat, if a candle be applied to the folution, more 
air will be procured ; and this will be poflefled of 
the peculiar kind of inflammability mentioned in the 
preceding fedUon. But I firft met with this air by 
diflblving iron in water, firft impregnated with vi- 
triolic acid air, and then with nitrous vapour, as 
will be mentioned in its proper place. The firft 
produce of this folution was nitrous air ; but apply- 
ing the flame of a candle, when no more air could 
be got without it, air was produced in which a can- 
dle burned with a natural flame* 

It was upon obferving this, that I tried the fame 
experiment after the termination of the common fo- 
lution of iron in Ipirit of nitre ; when, by this means, 
I got, by a direft proceft, fuch a kind of air as I 
had brought nitrous air to be by expofing it to iron, 
or liver of fulphur j for on the firfl: trial a candle 

I burned 
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)>urned in it with a much enlarged flame, At an- 
other time the application of a candle to air produced 
in this manner, was attended with a real, dumgh 
not a loud expkjim \ and immediately afce^ this, a 
greenifh coloured flame defcended from the top to 
die bottom of the vefiel in which the air was con- 
tained. In the next produce of air from the fame 
prpcefs the flame defcended blue and very rapid^ 
irom the top to the bottom of the veflfel. 

When nitrous air is produced from iron^ the <]ua« 
lijty of it, I doubt not, is always the fame, dK)ugh 
there is a cafe in which I do not wonder that fome 
perlbns have been deceived ; haying got phlogifti- 
cated air when they expe£ted nitrous s not confider- 
ing, that expofure to a large iur&ce ci iron decom^ 
poles nitrous air, as my former experiments ihewi 
changing it at firll into a fpecies of £ur in which a can- 
dle will burn, and then into phlogifticated air. 'l^his 
procels, however, required aconfiderabk time; but 
the following experiment fhews that this cSeft may 
be produced very foon. 

I filled an eight ounce phial with fmall nails, then 

with water, into which I put a very fmall quantity 

of nitrous acid» jufl: enough to make it produce air $ 

and. then fome was yielded in which a candle went 

ouL Alfo this acid water poured off fix>m the 

iron, gave a confiderable quantity of air» in the 

heat 
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heat of boiling water, and this was all phlogilli- 
cated ^n 

Ufing more Ipirit of nitre, I obferved, that, 
though the produftion of air was pretty copious, 
as was manifeft by the bubbles formed at the bot- 
tom of the phial, and rifing to the top, therie was 
no increafc of the whole quantity of air in the phial. 
Examining the air m this ftate of the procefs, I 
foupd that it had very litde power of diminifhing 
common air, and that a candle burned in it with 
a vivid flame, which is the intermediate ftate of 
this air, before it becomes phlogifticated air. I 
imagine, therefore, that in all thcfe cafes, a proper 
nitrous air is firft produced, and that it is afterwards, 
by means of the iron to which it is expofed, change 
ed into that fpecies of air in which a candle can 
burn-, and laftly into phlogifticated air, which ex- 
tinguifhes a candle, 

I have alfo procured this kind of air in a direft 
procefs by the folution of zinc and tin. 

I completely faturated a quantity of fpirit of 
nitre with zinc. This folution, while it was hot 
was fluid, but when it was cold it refcmbled a 
whitifli jelly. Diftilling this jelly to drynefs, in 
a glafs veflcl, and receiving the air that came from 
it in three parts, I obferved that the firft was the 
common air in the phial, very litde phlogifticated; 

which 
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whit:h fhews that^ after the common Iblution of this 
meta], without additional heat^ very litde phlogis- 
ton repnains in the folution. The fecond portion 
was twice as good as common air, and the third 
was as pure as any that I had ever met wkh. 

At another time that I repeated this experiment 
I received the air in more portions ; but the gene- 
ral refult was the fame, except that between the 
phlogiilicated and the pure air, there was a qyan-- 
tity of that kind of nitrous air in which a candle 
burns with an enlarged flame. That it was pre- 
cifcly the fame kind of air that was procured by 
the direft folution of zinc defcribed above was 
evident, becaufe after that vapour (which is always 
the caufe of this peculiar phenomenon) was waflied 
out of it, it neither affeded common air, nor was 
afieded by nitrous air ; being the fame thing with 
that which I have termed phkgifticated air, and 
which is alway die bads of this peculiar kind of 
nitrous air. 

This remarkable fad feems to prove that this 
fpecies of air contains lels phlogifton, in proportion 
to its bulk, than phlogiilicated air, and confequendy 
that the vapour which is the caufe of this peculiar 
property, and which is readily imbibed by water, 
partakes chiefly of the nature of the nitrous acid. 
For, in all theft proccfles, every produce of air has 

lefs 
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lefs and lefs phl^gifton, till we came to the lafl:, 
which contains the leaft poffible. Alfo this kind 
of air coming between the phlogifticated and the 
pure air fecms to ftiew that, if that which confti- 
tutes the enlarged flame be phloglfton contamed 
in the air itfelf (and indeed it can hardly admit of 
any other fuppofition) it muft be in a ftate not 
perfeftly combined with that nitroirs acid vapour. 
We fee alfo that this diiFufion of phlogifton, and 
the loofening of its connexion with the other con- 
ftituent parts of the air is that ftate of it which im-» 
mediately precedes its total dilappearing. For im- 
mediately after this kind of air, we find the next 
produce to have no phlogifton at all. 

Left this intervention of the dephlogifticated ni- 
trous air between the other kinds of air, and the 
purcft of all, fliould have been occafioned by fonrie 
accident, I carefully repeated the experiment, and 
found it in the fame place a fecond time. Having 
diflblved a quantity of zinc in a quantity of one 
fourth Ipirit of nitre and three fourths water, dif- 
tilling the folution to drynefs, and receiving the 
produce in four portions, the firft was only the com-* 
mon air expelled from the phial, and not fcnfibly 
injured J the fecond was dephlogifticated nitrous air 
(as we may call that kind of nitrous air in which 
a candle bums with an enlarged flame) the third 

was 
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•was dephlogifticated air, about four times as pure 
as common air ; and the fourth was as pure as any 
that I have ever examined. 

In order to afcertain the quantity of air produced 
by the folution of zinc in fpirit of nitre, in a more 
fatisfaftory manner than I had been able to do at . 
firft, I fulpended a lump of zinc within the mouth 
of a large phial, in the bottom of which was a 
quantity of flrong fpirit of nitre j and when I had 
placed them under the receiver of an air-pump, 
I carefully cxhaufted the air, and then, by means 
of the apparatus for a collar of leathers, I let down 
the zinc into the acid. Immediately- upon this 
there was a moft prodigious ^fiervefcence ; but, 
the veffel into which it was made being very large, 
no part of the fluid efcaped out of it. 

By this means I got a very confiderable quan- 
tity of air ; and when I examined it, it appeared 
to be the very fame thing with nitrous air expofed 
to iron or liver of fulphur, and fuch as I had got 
in the lafl-mentioned experiment by means of heat 
fronvdie direft folution of iron; and the great heat 
attending this effervefcencc might anfwer the fame 
purpofe as the foreign heat of the candle in the 
cafe of the iron, viz. expelling the acid with more ' 
force, and throwing it into a flate into which it 
was not flriaiy combined with phlogifton. 
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The air thus procured diminilhed common jur 
about half as much as nitrous air would have done ; 
owiog, I luppofe, to half of it being properly, ni* 
trous air, and the remainder nitrous vapour uncom- 
bined with phlogifkon, 'and diffuied through the 
nitrous air. One third of this air was readily ab- 
forbed by water, which is another circumftance in 
favour of its containing an acid vapour^ and a 
candle burned in it with an enlarged, flame, almoft 
twice as large as its own proper flame, very vivid, 
and furrounded with another flame of a blue co- 
lour. With a very flight agitation in water, this 
air extinguiflied a candle ; the water having, by this 
means, probably, abforbed the acid vapour diat 
was difiufed through it. 

In order to afcertain the quantity as well as the 
quality of the air produced in this manner, I dif- 
Iblved four penny- weights of zinc in very ibrong 
ipirit of nitre, contained in a glafs phial with a 
ground ftopper, when I got about eight ounce 
meafures of air, which I took at twice ; but neither 
part of this produce either afiedted common air, 
or was afFcfted by nitrous air; and though part; 
of it was abforbed by water, it did not make lime 
water turbid. Alfb no candle would burn in it. 
But I did not examine this air till about two hours 
after it was generated, when a confiderable part of 
it was abforbed by water. Had I made a trial of 

it 
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it immediately after it was produced, and before 
any part of it had b^en abforbed by water, I make 
no doubt but a candle w6uld have burned in it^ 
For when I repeated the experiment, and tried both 
parts of the produce immediately, a candle burned 
with an enlarged flame in the former, and with a 
natural flame in the tatter. 

At other times, however, I have got nothing of 

the peculiar kind of air above-mentioned, but only 

ftrong nitrous air from feemingly the fame pro- 

cefs; and I was not able to determine on what 

circumftances the different refults depended, I once 

thought that I had got this dephlogifticated nitrous 

air, when I ufed a very large quantity of fpirit of 

nitre, much more than was necel&ry to diflblve 

the zinc, but at other times this expedient failed 

me. When I had taken the air at different times, 

I found the laft produce more nitrous than the.firft. 

But I once divided the produce into five parts, 

and found all of them nearly equally, and' all very 

Itrong^y nitrous. 

It will be feen that in the folution of /iV, which 
I find to contain very litde phlo^ifton, this air is 
always produced, as will appear when I come to 
recite the phenomena attending the folution of this 
metal in the nitrous acid, among other pietals that 
yield dephlogifticated air. 

Vol, II. F When; 
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When, after all the uncertainty of the preceding 
trials, I ufed only a very weak j^irit of nitre in the 
folution ' of zinc (with a view to produce air in 
about the fame quantity as it had been yielded by 
means of the water impregnated firft widi vitriolic 
acid aii; and then with nitrous vapour) I got no 
other than this kind of air in which a candle burn- 
ed with an enlarged flame ; and the air was of the 
very 'lame kind from the beginning to the end of 
the procefs. 

I observed that wh^n I had juft dxffolved all tiie 
metals in fpirit of nitre, tin yielded nitrous air 
as well as the reft. But had I profecuted the 
experiment, I Ihould have found diat the proper 
nitrous air which it yields is in very fmall quantity, 
and that die greatcft part of the produce is diat kind 
of nitrous air in which a candle burns with an en- 
larged flame. This metal alfo yields no fixed air ; 
but feveral of the circumftanceis attending this folu- 
tion, being petty remarkable, and I having varied 
then pretty much, it may not be amiis to recite 
fbme of them. 

Tin did not diffolve fo as to yield air in ftrong 
fpirit of nitre, but was afie6ted by it in rfie manner 
that Mr. Macquer dcfcribes. With an equal quan- 
tity of water and (pint of nitre, it difiblvcd with 
great violence, and five penny-wci^its fix grains 
yielded about fifteen ounce meafures of air> aboiit 

one- 
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one fifth of vrhich was abforbed by wd.teri being 
the nitrous vapour, fo often mentioned above, dif- 
fti&d through the air. Before this part was waih* 
ed out, a candle burned in the air imuraUy; biif 
when this part had been abforbed by the water^ 
a candle went out in it* The former part of the 
fMtxiuce, which was three fourths of the whole, was 
but flighdy nitrous ; for two meafures of Common 
air and one of this occupied the fpace of two mea-^ 
fures and a half; and the laft part was proper 
phlogifticated air^ neither afiedbg common air, 
nor being afiedted by nitrous air* Had I taken 
the produce in fmall portions, the firft produce 
woiild, I doubt not| have been proper nitrous air, 
as I had firft found. I particularly obferved that 
no part o£ this air> though readily abforbed by 
water, made lime water turbid> fo that it contained 
no fixed air. 

After this^ diftilling dib refiduum to drynefs, in 
a glafs phial with a ground ftopper, I got aboiH: 
twelve ounce meailires of air, in four parts ;, of 
which a pcntion of each> and eipeciaUy at the firft> 
Wai readily abforbed by water, but without making 
lime water turbid* When this ingredient was 
waihed out, the air which h^ lodged within the 
phial was phlogifticated Then the firft portion 
of the proper produce of the materials was con^ 

F a mon 
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mon air,, the fecond twice as good, and the remain- 
ing portions were exceedingly pure. . 

Putting more fpirit of nitre upon the refiduum, 
I got only about twice its bulk of air, and part of 
this was fixed air; and in all refpefts this proceis 
feemed to refemble that with flint. After this I 
weighed the refiduum, and found it to be five penny- 
weights two grains. 

The phenomena attendmg the folution of tin 
being fp veiy remarkable, I repeated it feveral 
times, with a confiderable variation of circum- 
ftancesj and the following appeared to me to be 
worth reciting. I diflblved a quantity of tin. in a 
quantiry of fpirit of nitre, diluted with an equal 
quantity of water j when the folution was at firft 
very (low, but afterwards very rapid. In the courfe 
of the procefs I feveral times took a fmall quantity 
of the air to lime water, but it was not made in 
tlie leaft degree turbid, though a fmall part of the 
air was abforbed by it. 

I received the whole produce in four parts, and 
found that the firft was fo far nitrous, that two 
mealures of common air and one of this occupied 
the fpace of two meafures and a half; the fecond 
was a little more nitrous ; in the third the fame 
metres occupied the fpace of two meafures and 
a quarter ; but in the laft the air was lefs nitrous, 

the 
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the fame mixture occupying the fpace of two mea- 
fures and three fourths. Towards the middle of 
the procefs, the air was very white, and continued 
fo a long time. N. B. In the firll of the portions 
of air above-mentioned a candle burned very bright, 
and with a cracklbg noifc ; in the fecond and thir4 
it burned with a large flame, and very fUently, a 
blue flame being very diflin6tly perceived iurround- 
ing the central white flame. The fourth extinguiflicd 

a candle. 

« 

When I could get no more air without addi- 
tional heat, I ti|)plied the flame . of a candle, and 
afterwards of two candles; and then took about 
half as much air as I had got before, in fix portions j 
of which the firft was nitrous, in about the fame 
degree as the laft part of the former produce j the 
fecond was fo much nitrous, that two meafures of 
common air and one of this occupied the fpace of 
two meafures and one fixth; the third hardly af- 
fcfted common air at all ; the fourth ,was twice as 
good as common air ; and the fifth and fixth por- 
tions, which were four times the quantity of the 
preceding, were highly dephlogifticated. N. B. The 
third, fourth, and fifth portions were exceedingly tur- 
bid ; but the lafl: was quite clear, coming very flowly. 

In thefe two procefles, with and without foreign 
heat, we fee a pretty regular gradation from the 
moft impure to the mofl: pure kind of air. 

F3 SEC- 
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SECTION III. 

« * 

Of dephlopfticated nitrous Air produced in the Diminu^ 
Hon of nitrous Air hy Iron Filings oftd Sulfbur^ 
and alfo hy Liver of SuJfhur^ 

THE firft remarkably diminution of nitrous 
air that I obferved was occafioned by the 
^rmentation of iron filings and fulj^ur^ made tn(o 
a pafte with water. This procefs is attended with 
much heat, the diminution of the air is exceedingly 
rapid, and whenever I examined the air that rev 
mained, it always appeared to be firnply phkgifti- 
cated air, neither affeding caramon air, nor bcr 
ing afic6led by nitrous air, and extinguiihing a 
icandle, And in this laft-mentdoned property it 
differed fix)m nitrous air' diminilhed by iron only, 
«r by iiver erf" fulphur, in which a candle burned 
with an enlarged flame before it was agitated in 
water, I have fmce, however, obferved that ni- 
trous air diminilhed by iron filings and fiilphur 
does not really differ from that which is diminilhed 
by the other procefles j but that this proceis being 
fnadie in a large quantity of watjcr, either the fuper- 
liyops niproiis acid viaipour, the fnperfiuous phlo- 

gifion^ 
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afton, Of ho^ w^r^ always abfoffbed before the 
experiment was made.. This I difcovered by re- 
peating the prpcefs with more care and attentipn, 
in the follQwing manner. 

Having introduced a pot of iron 6ling& ani fulr* 
phur intQ a l^rge jar of nitrous air, I ^s^pmined the 
Hate of the air in all the ftages of its diminution, 
from the time that t\^ fermentation bc^an tijl it 
could be diminifn^d n,o more by that prwefs. In 
order to get a fmall quantity of the ^ir, without 
moving the jar„ or diftuvbipg th^ apparatus con- 
tained in it, I fattened ^ fmall phjal, Ctf a piece c^f 
gWs; tube, to the end of a ftifFwirei and filling it 
with w^ter, I put it up iJ6M:o the vefftli with iti 
mouth dQwnward3 i when, the wafer running out^ 
it would neceflarily be filled with the air of the: J4r, 
which I could ch^n witl^ the fame eaie withdra\y, 
and e^^nfiine. 

Pn)ceeding In this manner, I found that, in th^ 
laft ilage of the dimiputlt^n of this air, and npt 
before, a candle burned in it with an enlarged 
.flame. This procefs, theyefpre^ exaftly refembles 
that with iron only or liver of fvjlphyr, only th« 
in this cafe the air muft be examined very foon, 
before the water can have had an opportunity tQ 
a£t upon it. For when I tried p^rt of the faro? 
air the next morning (when, withput any agitation, 
part of it had bee^i abfofbed by water) it e^tin^ 

F 4 guifhed 
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guifhed a candle ; having, in the mean time, be- 
come mere phlogifticated air. 

I transferred another quantity of nitrous air 
from quickfilver, in which the procefs was made, 
to lime water, but it did not make it in the leaft 
turbid. Indeed, but litde of this air was abforb- 
ed by water, and a candle burned in it only naturally, 
without any enlargement of the flame. It had 
f)cen diminiflied to about one third of its bulk in 
the quickfilver. 

I IhaU now proceed to note other phenomena 
attending this procefs^ which the philofophical reader 
will eafily perceive may be of great ufe in the 
analyfis of the ipeeies of air, as well as help to ex- 
plain the procefs itfclf. .In order to determine 
whether the acid, or phlogifton, of the nitrous air 
(for I then thought it contained both) had been 
feized upon in this procefs, I made " it over a quan- 
tity of very pure water ; thinlcing that, if it ihoul4 
acquire any acidity, it would Ihew that the phlo- 
gifton only had been feized j but that if it ihould not 
have become acid, it would appear that the decom- 
pofition had been efFefted by the acid vapour having 
been feized, and the phlogifton left. And the re- 
fult feems to determine this queftion.in favour of 
the latter iuppofition. For when the procefs was 
over, I examined the water with the greateft atten- 
tion, and found nof the leaft appearance of acidity 

in 
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in it. It did not even turn the juice of tumfble 
red. 

In the experiment above recited, concerning the 
diminution of nitrous air by iron filings and ftil- 
phur over a quantity of pure water, I firft obferved 
a pretty large depofit of a brownifh kind of matter, 
from the water over which this proc^ls had been 
made. If this be really the ochre of the iron em- 
ployed in it, it will fliew that the earth of the metal 
had been volatilized by the heat of the fermenta- 
tion. 

That liver of fulpbur alfo decompofes nitrous air 
by fcizing^ upon its acid vapour feems to be proved 
by .the following experiment. I put fome pieces 
of liver of fulphur to two quantities of nitrous air 
confined by quickfilver, and I obferved dutt, in 
about ten hours, between one third and one half of 
the air in each of them was abibrbed. The next 
day I admitted water to one of them, but no part 
of die air was abforbed, and after it had pafled 
feveral times through water, a candle burned in it 
with an enlarged flame, crackling very much. AUb 
a candle burned in the very feme manner in* the air 
contained in the t)ther veflfel, which I had not made 
to pafs through waten 

The water over which the decompofirion is made 
does not acquire the leaft acidity, not even difcover- 
jible by the juice of turnfole. In this .cafe, alfo, 

there 
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there was an eartl^ predpiiaUy exaflly as in the 
procefs with the iron filings and fulphur. 

I had atone time feme fufpicion, that, as part of 
this kind of air is readily abforbcd by water, exa6Uy 
like fixed air, it might be, in part, real fixed air^ 
and pfccipitote lime in lime water. But in the 
preceding experiments, as well as upon other oc- 
cafipus, I particularly attended to this circum- 
^ajicei. without ever obfervlng it to haye any fuch 
cffe^ 

I endeavoured to decompofe nitrous air by means 
q£ {vipkut only ; making ufe of a burning mirror 
and quickfilver for ' that purpofe, which, however, 
is not" jui eafy operation. 

By tiiis means, continuing the procefs a long 
time, I rnade the fulphur not only mek, but sdfo 
become very bWk, and fmoke very much in the 
nkrQu^ air; and, in con&quence of it, the air was 
eoniiderably (liminiihed, and had loft its pow^r of 
dioainilkang common air in fome degree. Had 
lim opie^ation been continued much longer, the di- 
fl[iiw>tiQn would, no doubt, have been more com*^ 
plete, and the nitrous air have become nothing 
more than phlogifticat^ed air, as in other fimilar 
proceffes. That this diminution alfo was effected 
by means of the abforption of the nitrous vapour was 
pretty evident, becaufe the mercury was not fcnfibly 
aflfefted by it For. if that had been the cafe, there 

would 



would have been an acceflion of marc okrous air 
from that folutiwi. 

I have mentioned a cafe, in which oitrow dir, 
lafier having been expofed to iron, becnme not only 
partially iaflammabk, admitting a candle to burn 
in it with an enlarged flame, bi^t ww even fired 
with an explofion, lijke inSammable air fi'om mctak 
by oil of vitriol. I have fince met with a more 
remarkable fadt of the kind. 

At the latter end of September 1778, I had put 
a pot o£ iron filings and fulphur into a jar of ni- 
trous air, which, in the courfe of feveral days, was 
diminilhed by it in the ufual proportion. From 
that time till the beginning of December, it had 
continued without any change that I had perceived ; 
but about that time, ima^nmg it was increafcd in 
bulk, I took exaft notice of the dimenfions of it, 
•and prefendy found that the quantity was <;ercainly 
increafing. Upon the whole, I concluded that it 
had increafed about one fixth of its bulk, from the 
ftate of its greateft diminution. On the iith of 
December I examined it, and found it to be proper 
inflammable air, being fired with many explofions 
when tried in the ufual manner, but they were not 
fo vigorous as thofe with frefh made inflammable 
air from iron and oil of vitriol. 

After this, on the 1 2th of December, 1 put a jpot 
of iron filings and fulphur to another quantity of 

I nitrous 
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nitroua air, and on die 4th of February following it 
had increaied in bulk about one third, and then 
burned with explofions like the former. But a 
qtlaniit7 erf" nitrous jdr expofed to the effluvium of 
liver of lulphur, die very fame time, never increaf- 
ed at oil after the period of its utmoft diminution 
and was mere phlogifticated air. 



SECTION IV. 

Of depblogifticated nitrous Air^ frocured by Iron, and 
a Solution of Coppery in nitrous Acid. 

AFTER many trials, I fucceedcd in a method 
of producing this air, when I expefted 
quite a different refult. As iron will precipitate 
copper from a folution of it in fpirit of nitre, 
and I had obferved air to be generated in this pro- 
cefs ; I imagined that by putting iron into that fo- 
lution^of copper in fpirit of nitre, I fhould get more 

nitrous 
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nitrous air^ and with lefs expence. But infiead of 
this, I procured what I Ihould much more have 
wifhed for, viz. this new fpecics of nitrous air. But 
before I hit upon this, I fuccecdcd in the method of 
changing frefti nitrous air into this ipecies of it, in a 
remarkably Ihort fpace of time. 

Having at hand a phial' filled with nails, which 
had often been employed in diaiinifliing nitrous air, 
I filled it up with a diluted foludon of copper in i^irit 
of nitre, and left it all night. I then difplaced the 
liquor by nitrous air, and in about two hours die 
whole quantity was diminifhed one half^ and a can- 
dle burned in the remainder with ao enlai^;ed flame. 

In this experiment I colle&ed no air firom the 
iron itfelf 5 but now, with the view that 1 have 
mentioned above, I filled the phial containing the 
nails with the folution of copper in fjpirit of nitre, 
and inverting it, the next morning I found the phial 
full of air, and it was not proper nitrous ^, as I 
had expefted, but that fpecies of it in which a can- 
dle bums. In this cafe it burned qmte naturally, 
and without any enlarged flame. 

The quantity of this peculiar ipecies of nitrous air 
that may be procured in this manner, and from the 
iame materials, viz. without chan^g either the 
iron or the folution of copper, is altonifhing. I 
made however, a pretty full trial of it, in a jar which 

I had 
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I had thruft foil of long pieces of iron wire, on pur^ 
pofe to expofe as much of die furface of the iron 
as I poflibly could, to any kind of air that Ifhoukl 
afterwards put into it. This jar, which held abouc 
a pint and a half, I filled with the diluted folution 
of copper, and inverted it in a bafon of the fenie 
folution ; when, at the fiiil, the jar was quite filled 
with this air in a few hours. 

However, having got as much of this air as I 
Wanted, I obfcrvcd that more air was flill gene- 
rated ; and inverting the jar every day, after I had 
filled it with the fame foludon of copper that had 
been expelled by the generated air the preceding 
day, it never failed to produce a jar full of that air 
tvery day for at leaft a fortnight, befides what 
^fcaped towards the beginnmg of the procefs from 
the mouth of the jar, as foon as it was full, and 
which I never colle«5led. 

I had imagined that, in time, the quality of this 
air would change, but to the very laft it yielded air 
of the fame kind in which a candle burned, not only 
naturally, but in a very vivid manner. If, however, 
1 fufiered the air to continue long in the jar, I al- 
ways found it to be phlogifticated air ; which, in* 
deed, is the ftate to which this fpecies of air is al« 
ways reduced by long expofure in the fanie circum- 
ftances in which it is generated i the water either 

" abforbmg 
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abforbtng the dephlc^iiticated vapour, as it may be 
Called, or this vapour getting fiituraficd widi phlo* 
gifton* 

It Was fbmething remarkable, diat a phial of 
nails which had often been uied to diminifh nitrous 
sur, when filled with water only, yielded phlogifti-> 
cated air. I at firit filled this phial with inflamma** 
bie air« and had obferved a conftant additicm to it. 
It required, however, the warmth of a lire, when 
the phial was filled with water, to make it pfxxluce 
any confiderable quantity of phk^iiHcaised air. 
Thefe nsuis had probably a quantity of nitmus vapour 
mi^ed with their ruft, which mi^t continue to aft 
upon them ; and this air, in its nafcent fhite, mi^t 
be nitrous, but afterwards become phlogifticated» 
according to the ufual courfc of this proceis. 

After I had written the 2dx>ve, I produced diis 
kind of air much more readily than in the method 
there defcribed, viz. by applying beat to the veflel 
in which it is produced. But I (hall firll obferve 
that, immediately after producing a quantity of this 
air, in the manner before dirc£bed> I filled the veflel 
up widi water inflcad of the ibludon of copper ; and> 
in about two days, the vefTd (which was a phial, 
containing near a quart) produced about three 
ounce meafures of air, and it was phlogifticated w^ 
extinguifhing a candle* 

Then 
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Then, pouring out the water, I fiUed it again 
with die iblution of copper, and put into a pan of 
water, which I heated till it boiled ; when, by means 
of a cork and bent glals tube, &c. I received from 
it about a quart of air, the firft part of which was 
phlo^fticated (owing perhaps to its having been in 
a ftate of yielding that air immediately before this 
procels) but afterwards it was a proper dephlogifti- 
Gated nitrous air, admitting a candle to bum in it 
quite naturally. 

My original procels for procuring dephlogifticated 
nitrous air requiring. much time, I now always pro- 
cure it by diflblving turnings of iron in a dilute fo- 
lution of copper in the nitrous acid (the fame that 
remsuns from making nitrous air) mixing with it 
again about an equal quantity of water. Without 
diis precaution, though the iron will at firft be a6ted 
upon very flowly, yet the mixture will at length 
grow fo hot, as a6tually to boil, and the procels wijl 
be exceedingly troublefome. It will be neceffary, 
-however, previoully to heat the folution of copper, 
in order to expd fi-om it all fuperfluous nitrous acid, 
jhough the keeping in it pieces of copper might an- 
Iwer the lamepurpofe. Without one or other of 
thefe precautions, part of the air procured by dif- 
folving iron in it will be proper nitrous air; but 
with this precaution, the whole of it will be fuch as 

nitrous 
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nitrous air is reduced to by expoling common hi- , 
t2X)us air to iron, that is^ one tfiird of it will gene- 
rally be abforbed by watery and the remainder will. 
be proper phlogifticated ain 



SECTION V. 

Of the Separation if the pure depbkgifiicated nitrous 
jiirfrom the phlogifticated Air with which it was 
mixed^ and the Properties (f it. 

ft! 

• t 

I • ** _ 

HAVING, in the manner rilentioried above^ 
procured a mixture of dephlogifticated nitrous 
mr and phlogifticated air, the former will be ren- 
dered pure by a^tadng the mixture in water, which 
will imbibeit, and leave the phlo^fticated part un- 
abforbed. 

A given quantity of water, I find^ will take up 
. about one haUf of its bulk of this dephlogifticated ni- 
trous air \ and it does it almoft as readily as water 
imbibes fixed ain The water thus faturated with 
Vol* il. G . the 



83 oB$ERVATre>N& ow F4i$t IV. 

the air nuift be heated, and diien die clephlokg^-* 
cated nitrous air will be expelkd ptine^ and m^ be 
received in veflels containing nnercuiy. I obferved, ' 
however, that as this kind of air mudi refembtes 
fixed air, in its properties of being imbibed by wa- 
ter, and in being expelled from it again by heat, it 
does {o alfo in this farther property, that all 
the air which has been adtualiy incorporated with the 
water, will not be imbibed by water again. But 
the proportion of thia part is much greater in this 
kind of air than in fixed air. For in this cafe I 
have found it to be as one to ten ; whereas in fixed 
air it is as about one to thirty or forty. This refi- 
duum being examined, was found to be air par- 
tially phlogifticated, the ftandard of it being about 
1 .4, fo that a candle will juft burn in it ; but the 
quality of this refiduum is not always the fame. The 
refiduum of fixed air is generally much purer, viz, 
of die ftandard of i .0. 

I obferved, that when water fully impregnated 
with this dephlogifticated nitrous air is expofed to the 
atmolphere, it very foon parts with it, much fboner 
than water impregnated with fixed air. 

I mixed pure deplogifticated nitrous air with all the 
other kinds of air that I have made, but it did not 
unite with any of them j and no fenfible change was 
inadein rV by any of them, or by any of them in iti 
except that dephlogifticated air was injured^ being 
1 reduced 
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itt^ced from the flaodard of 6.3 to 0.8. But this 
was, no doubt, by the addition of that part of tlus 
•ir wjiidx is not miicible with water, and is cx)n« 
ficterahly^pMogfficated, 

In this pure kind of dephlogifticated nitrous air i, 
camUe bamcd better than in common air, but not 
fa w^ll as rJiavc frequently known it to do, as it is 
originaUy.pnxluced' nuxed widi phlc^fticated air ; 
Which ieenu to fheiK diat fome change is made in it 
by being intorporatcd with water. When it was 
mixed with inflammable air, they were exploded to<- 
gether with yiolence, very much like a mixture of 
inBammable and dephlogifticated air ) but a moufe 
(tied in it as quickly as in fixed air. 

That it is a mixture of pure nitrous air chat is 
the cau& of". this thin blue flame widi which the 
cenml flame in my former experiments is ibmetimes 
furrounded, is, I think, evident from the foUoif^ing 
expeHmenL Having a quantity of this air in which 
a caadle burned with a flrong and bright flame, I 
mixed nitrous air with it, and th«i the candle burned 
in it with .the uflial enlarged flame, a bluiih flame 
furrounding the former. 

. In order to afcertain more exaftly the degree of 
I^untjr to which I . could bring this air, I impreg- 
vatiKi a quantity of i(iow water with it, and expel-> 
ling it again by heat,. I found that only one fixth of 
VJtiat had been expelkd from the i^mter, would not 
be M^bibed by water ^in 4 ii> that^ in thi^ method^ 
J G a • it 
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it may be procured in al ftate of confiderable pu^ 
rity. . 

Having a quantity of air in this ftate, and having 
found that a candle burned very well in it, I put a 
moufc into it ; but it would have died very foon if 
I had not withdrawn it. This was on the 17th of 
March, 178 1. But on the 21ft of the fanie 
month, I put inother moufc into the very fame 
air, and was furprized to find that it continued 
perfectly at its eafe five minutes* To be quite , 
fure with refpeft to the other properties of this 
air, I withdrew the moufe while it was quite vigor- 
ous, and found that a candle burned very well in 
it, but it was not in the leaft affedted by nitrous 
air. In this very Angular cafe, nitrous air fails to 
be a teft of the refpirability of air. The air made 
ufe of in this experiment had' been kept in a cup of 
mercury, but fome water was in the veflel along 
with it, and this water had imbibed a litde of the 
air. This, however, was the only cafe in which I 
have found a moufe to live in this kind of air, and 
therefore, though I. cannot account for it, I do not 
lay much ftrefs upon it. 

I then expelled more of this air, from fome wa- 
ter that had been impregnated with it on the 1 7 th day 
of March, but a moufe died in it, and almoft as ibon as 
it would have done in any other kind of noxious air* 

It was natural to fufpeft, that there might be 
fomething acid in this air. But though it was rea- 

• - dily 
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dily abfbrbed by water tinged bliie with the juice of 
tumlble, it made no change m its colour. Neither 
was there any thing alkaline in it. For when th^ 
flighted tinge of red was given to this liquor by an 
acid, the blue colour was never in the leaft degrde 
reftored by its impregnation with this kind of air. 

The fame thing may indeed be mferred from its 
not incorporating with either acid or alkaline air. 
In the experiment with the latter it appeared that 
this dephlog^cated nitrous air is lighter than com- 
mon air. For mixing it with alkaline air, and then 
putting acid air to it, the white cloud formed by 
t^eir union was almoft wholly in the lower part of 
the ve0y. But it is not fo much lighter as inflam- 
mable air is found to be by the fame experiment. 
For in this cafe the white cloud never reaches the 
top of the veflel ; where the inflamnniable air ap- 
pears to remain intirely unmixed with the alkaline 
air. 

Thinking that, though dephlogillicated air ready 
formed might not afFed, or be afFedled by, dephlo- 
gillicated nitrous air, it poffibly might in its firft 
formation j to try this, I revived mercury from red 
precipitate in this air. But the operation proceeded y 

juft as it would have done in Vacuo, the mercury 
being revived very readily, and dephlogillicated air 
produced, without affefting, or being afFc6te4 by, 
tjie dephlogillicated nitrous air. 

G 3 Ko 
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No lefi remarkable was the refult of ^heatihg 
malfcable iron in this air* For the buHc 'of the air 
waa increa&d^ and yet afterwards no part t£ it wai 
imbibed by water. . It w^ all phlogiiticatied air^ 
^t^out any mixture of fixed air. ' 1 5 foems^ tberc** 
fore, as if this kind of air wanted j^thing bik phk>^ 
gifton to make it phlogifti^aited air, and nothing 
but the principle Qi hioiy to make it dephiogifti^ 
iraced air. ♦ 

This expcthtient happening to dra'yv qiy particular 
attention, I repeated it very often j and always ' had 
the fame refult, though with v^riatkwis, depeiKiiiig 
on the quantity of the air, and the heat I was abfei 
to apply. If this was fufficient to mek the Kts of 
iron, the effcA was produced very quickly. As the 
particulars may be of ufe to future experimenters, | 
Ihall recite j(€«ne of them. 

^ Of three ounce meafure^ anda half of dephio* 
^fticated nitrous air, two ounce meafures remained 
tinabforbed by water afieer heating mafleable iron in 
it. During the procefs, the veffel had been full of 
whitifh fumes. What remained of the air was of 
the ftandard of 1.7, and iexdnguiftied a candle. 

Throwing the focus of the -fens about five mi- 
mites on fome filings of iron in this kind of air, the 
(Quantity wasvincreafed one tenth. Afterwards water 
ftbforbed about one fixth of it, and the remainder 
cxtinguilhed a candle, being of the ftandard of 1.8. 

I repeated 
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I yeaned die ^^fiment with caft iron turnings, 
and had die &me itfult. About one fifth was added 
to the quantity, water abibrbed about the fame pro- 
poitioii of it, and the renfiainder was of the ftan- 
dard of 1,85. Some Iktle common air may be 
fiippofed to have beeji introduced into the veffel 
dortg with the turnings or fliarings of iron, but this 
coidd not be rriuch ; and in ail thefe experiments 
the addition produced in the procefi was a very 
ftnall part of what remained unabfof bed by water j 
fo that there can be no doubt but that this operation 
produces a real change in the quality of the air, ren- 
dering italmoft wholly phlogifticated. 

In order to produce t;his effeft, the heat muft be 
very conliderable, or the pieces pf iron very fmall, 
ib that they muft at leaft be red hot. For when I 
ufcd whole caft iron nails, on which I fuppofe the 
heat of my lens could not make fufficient impreflion, 
the effeft of applying it an hour and a half, and with 
^ very good fun, was very incohfidcrable ; the pro- 
portion of that part of the air which was immifci- 
ble with water, being only increased in the propor- 
tion> of fifty to twenty feven. 

But the circunnftance to which Ihappened to give 
the greateft attention with relpedt to this kind of air, 
was the change that is made in it by heaty or light. For 
fych muft be the agents, when bits gf clean cruci- 
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bles, or retorts, are heated by a burning lens in any 
kind of air. The confequenee pf this proccfs al- 
ways was both^ an increafe of that part of the air 
which will not unite with water, and alfo rendering 
it purer than before, approaching nearer to die .ftate 
of attnofpheriqal air ; exaftly like the refult of tak- 
ing the eleftric fpark in fixed air. I frequendy flop- 
ped in the niiddle of this procefs, aqd always found 
thefe effedts to be more coiifiderable the. longer I 
continued it. I ftiall give the. particulars of thofe 
experiments only, on which I place the greatcft de- 
pendence. 

Having impregnated a quantity of boiled water 
with dephlogiftiqated nitrous ain I found that theair 
expelled from it was again abforbed by water, in the 
proportion of 0.7 to i'o.i,'and the ftandard of this 
refiduum was 1.7. I then heated in it pieces of 
crucibles which had beenjuft before made red hot, 
introducing them into the air by means of a forceps i 
and after heating them an hour and a halfi in a very 
hot fun, found that a portion of the aif* wa^ then un- 
abforbed by water, in the proportion of four to' fe- 
ven, and the ftandard of the refiduum was 1.55. 
I refumed the experiment with what remained of th6 
air, and continued it half an hour longer, when, the 
proportion of the part that was not 'abforbed by wa- 
ter, was to the other as twenty fix to forty, and the 
ftandard of this refiduum was 1.45, No moifture 

ever 
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ever appeared In the infide of die vefTe], and diere 
was no ienfible change in die quantity of the air. 

In a portion of the fame dephlogifticated nitrous 
air that was ufed in the fonri^r experiment, I heated 
bits of cnKibles> which, after being dipped in wa- 
ter, hadiOnly been dried, though they had been 
made very hot in the fun. In the courfe of this 
prpceis, much water appeared in the veflel, expelled 
no dpDbt from the earthen ware ; and after the pro- 
ceis had bee^ continued an hour and a half^ the 
part of the air d^s^t was unablbrbed by water, was 
to the relt as 4^5 tp 7, and the ftandard of it was 

. . Examitting a quantity of dephlogifticated nitrous 
air, in a portion of which I was about to. heat bits 
oidrj crucibles over mercury, I found that by agi- 
tation in water 80. < meafures of it was reduced to 
3.5 meafures, and the ftandard of this reCduum was 
1.58- But of that portion of the iame air in which 
bits of crucibles had been heated -about an hour in 
all, fixty three .meafures were only reduced to twenty 
one, and the ftandard of this refiduum was i.jS, 
On this occafion I obferve4 thiat the infide of the 
glafs veflel was pretty thickly coated with a black 
matter. Indeed, in the former experiments^ it had 
always acquired- a dark incruftatiori -, but I did not 
know whether it might not have come from the 
earthen ware. . I think it highly probable, that it 

was 
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. wa^ mercury foper-pMogffticatedi as ewrjt oAtejp^ 
black incruftation in proceflfes in which memutsf V9^ 
tifed has been. It is probabk, hoWe*rer, that feme 
phlogifticated matter pafled from'^e air to the 
mer ctiiy, which would of cotrrfe render Ae t^fi-^ 
dutrm more phlo^icated, thoi%h I dcP ndt per- 
ceive how it Aculd Mow that it fliouM thereby^ 
render it lefs mifcrHe with water. Blit whatevei' 
proportbn of phldgifton be neceflkry to make* any 
kind of air mifcible with water, any fbMge k Aat 
proportion may make it lefs mifdble with it 
'' f n dielfe TdpC(5te this change in- theio&hftitutk)^ ef 
dephlogifticated nitrous air, very much refembiei 
tSiat whichis made*in ilxted W, both- by ditt el69iric 
i^parki kndalfo by heatiitg* bits of <inircibksdn it i ait 
account of which h^s been given btfore. - ^ * * 

'I ende'avoured to afcertain ^Whether Wis changtJ 
iif 'thcf cpnftitution of depMogifticated iiitrous' air 
Was produced by mere beaty without light, by heat- 
iii^ the aif in eardien tubes ot retorts, -^tti their 
ritquths were immerfed in merctf^) ^ut, to' my 
great difappoiritment, ^ I found that ail' kinds of air' 
heated in this manner/ came out common air, or 
rather, air a litde phtogifticated. ^ InVfa6t, * A© 
earthen veflels, in that degree of he^Ct to which I ex- 
poftd them, muft have been rendered pervious to air, 
though they were glazed ihfide and outfide, and were 
perfeftly air tight both before and aftef the experimenrl 

But 



r^nt dc mofl: eficdual dxahge thai I i9<ii^ 'dHe 
to make in tUs kind of air» ^wfs iniiiging iC'toji 
|bti£ in which I doubt not it AV3t5 i^ir^le^ bjr 
means of tte deftric fpark* Takiisg ifeU %«tk, 
or making fn^ explofiohs, wtQ.^ of |Q(i> ounce 
meafure of ^ephlogifticit^ nitra^ aar, it ^u rm- 
dered whoily immifcxhfe .iiitk.:;v|ater,i qi¥^^ <^ .thf 
ftandard of .1.45. /- "^ \ . \. 

From this experiment k ifaooM feemi ^( tb<M 
IS- in this fpecies of air fomethmg- that I9 cap&It 
of being converted into pure air. Tfiis, ihdeod; is 
fufficiendy i(idicated both by a randle borningpon^ 
(s&\j well in it, and alfo by pyraphorus jQnmtanci^ 
Cufly kindling in die nitrons air from which it is 
fermed A judicious profeeutian of thcfeex^^^ 
mentstnay there^>re throw %ht tipon the nsctirt 
pf both the kinds of air, and of combuftion ^Ri 
This kind of air, however/ though aicandlebatmi 
fo weH in it, will. not kiidle pyDopinmis, I/pni: a 
fmall cupful of the pyrophorus into a apwixxxjf c£ 
this kind of air^ and let it remain thei« a confijder- 
tbfe time, without perceiving any fenfible e&& 1 
but when I took it out, and pot it into a neQtii 
(Containing nitrous air^, it todi; fire inamediatdy. : 
• In the courfe of thefe experiments with the fun^ 
I obierved a remarkable fource of fallacy, with re^ 
|pe& to the increafe of the quantity of air confined 
by mercury, when thar^t is (b mqch moiftoreiin tte 

infide 
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iafide afi to be fuhjcBt to fudden diladom and com- 
f»relIions, For a confiderable quantity of com- 
mon eur would get into the infkle of the yeSkl, 
.when there )yas die depdi of an inch of mercury on 
the oudkle of it, and of two or three inches within* 
In thefe circumftances I have feen more than an 
ounce meafure of the external air gain admifiion in 
left dian one minute. This muft have been occa- 
iioned by the mercury never beuig in perfcft con- 
taft with glafs ; fo 'that when the mercury was iii 
a ^ate of unduladon, the air that was confined be-f 
tween it and the gkfs was continually protruded^ 
and more zir from the atmofphere was forced into 
its place, by die jame prefTure which fupported the 
cohmm of mercury within the glafs* Thiseffeft 
I. prevented by having a quantity of water upon 
the mercury, on the outfide of the vefleh For this 
3R0i3ld be in pei&ft <;onta£i: with the glais ; and in 
this cafe I never found either air or water to get 
into the veflel to difturb my experiment 
• I took the ek&ric fpark in a quantity c^ depblth- 
gifiicaud nitrous ocr, till, without any perceivable 
chaise in its quantity, it was become immifcible 
with water. Then, admitting diftilled water to it, 
there was no depofit made, though I could perceive 
a white incruftation quite round the infide of the ^ 
gla& veffel, contiguous to the mercury by which 
the air was confined. But admitting to it the water 

in 
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in my trough, which happened to have milted with 
it various fohitions of imn, there was a copious 
white precipitate. This fubftance I had got once 
Jbefore, and found that by expofure to a red heat 
it became of a brown colour, and adhered firmly 
to the pieces of earthen- ware on which it was heat- 
ed, ' thereby appearing to be ochre. The white- 
ned may have been occafioned by the mercury. 

\ 



SECTION VI. 

« 

Of Iron that has been ufed to £mmjb nitrous -^- 

WHEN the iron nails or wires, which I 
have ufed to diminifh nitrous air, had done 

• 

their office, I laid them afide, not fufpc6ting that 
they could be of any other philofophical ufej but 
after having lain expofed to the open air dmoft a 
fortnight, having, for fome other purpofc, put fome 
of them into a veffel containing common air, ftand- 
ing inverted, and immerfed in water, I was fur- 
prized to obferve that the air in which they were 
confined was diminilhed. The diminution pro- 
ceeded 
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ceeded ^ faft> that :.t3)^ proCefs was tfompktej in 
^ibaut twentjr /our li^i:i» ; for in that time th^ air 
was diminiifafdiabput oM fifd^ fo. that it made iid 
cffiarr^fcei^ce^. wjth akcow ^ir,. ^ «ra3 dicrefore^ 
no doubts higtdy n(wous> ^ke 4ir diminUhcd by 
Wf other pfoc^fi* : 

This pKperimeoj: I r9peated % gppat number 
of tim€fl> with the iiff*6 phials^ filled .wjth. nails 
or wires that have been fufFered to ruft in nitrous 
air, but their power of diminilhing common air 
grows lefs and lels continually. How long it will 
be before it is quite exhaufted I cannot telL This 
diminution of air I conclude muft arife from the 
phlogifton, with which the iron was overcharged 
by extrafting it from the nitrous air, which it 
thereby left dephlogifticated. .With this addition 
of phlogifton it would . powerfiiUy attraft the de- 
phlogifticated air in the atmolphere^ and confe- * 
<juently leave the remainder phlogifticated. 

Having a quantity of iron that was reduced to 
a perfedt rufi in thefe proceffes, I had the curiofity 
to heat it in an earthen crucible, in order to examine 
the air that might be expelled from it, zxA the 
fefult was as follows. From ten ounces of this 
ruft, I got about i8o ounce meafures of air, mix- 
ed at firft with much fteam. The firft fixty ounce 
meafures were chieSy fixed air, widi a phlogifti- 
cated refiduum, of the ftandard of 1.7. The re- 
mainder 



matmcter canoe onxh more ilowly, requiring about 
fcRir koun corttiousace of heaic. Tliis contained 
00 mixeiiDe of fixed air, jand was {o pqre> that a 
candle burned iti it pretty well, being of the Gm^ 
dard of 1.32. The matter wa$ redticed to om 
ma&> like iroti, ftron^ attached by the cm^ec 
But, indeed, the rufl itfelf had been fo before cfafr 
prooeis. 

It ficms ptobabie, ihdt the dephlogiitic^ed ni» 
trous vapour is cocttainod in this rufl:, and diat widi 
the addition of the principle of heat it becomes 
proper dephk^ifttcaied air. Or this dephlogjfli* 
cated air might be that which by long expofure to 
the atmol^ere it had extrafted from it It ha& 
been feen that that iron which has been e^qiofed to m<- 
trous air wiil diminifh common air, and leave it 
pMogiflkated. 

In <n'der to compare this kind of ruft of Iron 
with that which is formed by expofure to the at- 
mofphere, I took four taunces of die latter j and, 
by the fame treatment, got from it 180 ounce 
meafures of air, about one half of which was Axed 
air, with a refiduum of the ftandard of i .7 ; but 
the bulk of it was inflammable, burning with a 
lambent blue flame. 

To a quantity of this rufl: I put oil of vitriol with 
only two equal parts of water, and obferved that it was 
but weakly adted upon, and that much heat was necef- 

iary 
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fary to effedt the fohition of it. During the pnK:ef$ 
much black matter was formed, and the inflammable air 
produced had an offenfive fmeU. In thefe reipefts 
thfe iron feemed to approach to the nature of caft 
iroH'y but when it was melted by a burning lens 
in the open air, the parts of it were not difperfed 
like thofe of caft iron. 

- As yet I have feen no iron fo far afFedted by this" 
procefs, though it is in a ftate that eafily crumbles 
to powder, as not to be able to decompofe more 
nitrous air, and almoft as readily as frefh iron. 

I fhall juft mention one experiment in which 
this rufted iron, and frefh iron, were made ufe of. 
The nitrous air had been put to each of them on 
the a7th of Auguft, and they were both examined 
on the i8th of OcStober; when, in both cafes, die 
air was fouod to be diminilhed to about one third, 
and a candle burned with equal brilliancy in both. 
Water then abforbed about one half of each of 
them, and the remainder extinffuilhed a candle. 
Neither of them had in the fmalkft degree the 
property of frefh nitrous air. 



sfiC- 
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SECTION VII. 

Objervations more particularly relating to the Conjiitu^ 
tion of depblogijiicated nitrous Air. 

My conje6tures concerning the conftitiirion of 
this kind of air will be found to have been 
rarious. But haring difcovered it at one time in 
a continued procefs, of the folution of zinc in fpirit 
of nitre, always to come betweertlthe phlogifticated 
and dephlo^fticated air, I fuppofed it to contain 
lefs phlogiilon than phlogifticated air, and more 
than the dephlogifticated air^ and therefore as ic 
has fbme properties of a genuipe dephlogifticated 
air, I am inclined, on the whole, to call it a de-* 
fblopfticated nitrous air. 

Since a candle burns in this kind of air, and an 
animal dies in it, I think we are authorized to 
lay, that it is of fuch a conftitution, as to be cap- 
able of receiving phlogifton in a very great degree 
of heat, perhaps not Ihort of a red heat, but not 
in that degree which is compatible with ariimal 
life. It is well known that many fubftances in 
ehemiftry can aft upon one another, when they are 
hot, which do not at all affeft one another when 

Vol. 1L H • they 
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they arc cold. This, therefore, may be the cafe 
with this kind of air, and fubftances containing 
phlogifton. 

That this Ipecies of air is really a dephlogifti- 
cated nitrous air, and not a phlogifticated air, as 
I had originally fuppofed, is more evident from its 
being produced from nitrous air by xht fcales of 
iron, which fly oflTwhen it is hammered, and which 
are iron pardy reduced to a calx. I filled a phial 
with thefe fcales, and then filling it up with mer- 
cury, diflodged the mercury with nitrous air. In 
this ftate the phial continued near three weeks j 
when I found tl^ air diminifhed, I did not note 
how much, but a candle burned in the remainder 
jufl as if the nitrous air had been expofed to iron, 
Thefe fcales wanting much phlogifton to make 
them iron, muft be in a ftate more ready to receive 
than to give phlogifton to nitrous air. 

Water is abfolutely neceflary to this decompofi- 
tion of nitrous air, when it is efFefted by iron. I 
had decompofed it before, either by previoufly fill- 
ing the veflels that were to contain the nitrous air 
with water, or with mercury, though it had always 
required much longer time when mercury was 
ufed. The reafon of this difierence I did not then 
know^ but I now perceive that it was owing to the 
fmali quantity of moijiure in the vcflel containing 
the mercyry. 
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Sufpcdiiig the influence of water in this pro- 
cefs, I procured a number of very clean fmall 
needles, and having made a phial, and alfo a proper 
quantity of mercury, perfeftly dean and dry, I 
put the needles into the phial; and filling it up 
with mercury, introduced the nitrous air. This 
phial continued in f he fame ftate fix or eight months, 
without the leaft fenfible change in the fpace occu- 
pi^ by the air. , I therefore concluded that no 
change had taken place in it, and therefore intro- 
duced a few drops of water i afi:er which I per- 
ceived, in a day or two, that the air was diminifh- 
ed, and the diminution proceeded till about one 
third of the air had difappeared. In this ftate 
the phial continued feveral months more; when, 
obierving no farther change, I examined it, and 
found that a candle would not bum in it, which 
I had expelled it yrould have done ; as I imagined 
there was not water fufficient to imbibe that part 
of the air which had enabled a candle to burn in 
it ; and how this part of the air ftiould difappear, 
or be converted into phlogifticated air, without 
water, I could not tell. In another experiment 
the refiilt was feemingly different. 

On the 26th of May, 1782, I examined a quan- 
tity of nitrous air, which had been confined by 
mercury with iron fhavings from the 27 th of Auguft 
preceding, when I found one half cf it abforbed, 

H 2 . and 
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and a candle burned in the remainder better than 
in common air, though a moufe died in it; and 
yet this air had remained feveral months in the 
fame ftate, with refpeft to quantity, in which it was 
when I examined it ; fo that I concluded it would 
never have extinguilhed a candle, in confequence 
of any longer continuance in that ftate. In this 
cafe, however, there was no fenfibJe quantity of 
water at all; whereas in the other there were a 
few drops* Water, therefore, niay contribute to 
this change in the air, independently of its ahforb- 
ing any part of it* When I agitated this air in 
water, fomething more than one half was abibrbed, 
and the remainder extinguifhed a candle- 
But, perhaps, the more probable inference from 
this experiment may be that, in time, all the de- 
phlogifticated nitrous air is imbibed by the iron^ 
fo that nothing befides the phlogifticated air will 
be left in the veffel \ though there was no appear- 
ance of this being the cafe in the experiment with 
the needles ; as the air did not continue to diminiih 
longer than ufual, and there remained two thirds 
of the original quantity of phlogifticated air. This, 
therefore, radier looks like a change of the dephio-* 
gifticated nitrous air into phlogifticated air, by the 
addition of phlogifton from the iron. 

Another experiment I made with a view to afcer- 
tain the degree of diminution at which the nitrous 

air 
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air begins to be decompofed. On the 14th of 
May, I put twenty four ounce meafures of nitrous 
air into a quart botde, previoufly filled with pieces 
of iron, that had before been rufted in this pro- 
cefs. On the i8th there were only feventeen ounce 
meafures of air, and it was not at all changed ; on 
the 2ift there were thirteen ounce meafures, and 
on the 31ft four ounce nneafures, of which half 
was then abforbed by water, and the remainder was 
phlogifticated air. This was the greateft diminu- 
tion that I remember to have olpferved in this 
procefs. But having negledted it from the 21 ft 
to the 3 1 ft, I did not find the time at which the 
decompofition firft took place; but in general I 
believe it is when about one fourth of the quantity 
is renriaining, and that the . change takes place pretty 
fuddenly, for I do not remernber ever to have 
found it in a middle ftate. 
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B O O K IV. 



OF D^PHLOGISTICATED AIR, 



PART I. 



Of the soyRCES of dephlogisticated air, 



SECTION I. 

An Account of the Difcovery of depblogijlicated Air^ 

and its general Properties. 

TH E contents of this fedtion will furnifh a very 
ftriking illuftration of the truth of a remark^ 
which I have more than once made in my philo- 
fophical writings, and which can hardly be too 
often repeated, as it tends greatly to encourage phi- 
lofophical inveftigations ; viz. that mor^ is owing 
%Q what we call chance^ that is, philofophically (peak- 
ing. 
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ing, to the obfervation o£ events arifingfrom unkfumm 
* caufesy than to any proper dejigny or preconceived 
theory in this bufinefe. This does not appear in the 
works of thofe who write fyntbetically upon thefe 
fubjefts; but would, I doubt not, appear very 
Itrikingly in thofe who are the moft celebrated for 
their philolbphical acumen, did they write anatyti- 
cally and ingenuoufly. 

For my own part;, I will frankly acknowledge, 
that, at the commencement of the experiments re- 
cited in this feftion, I was fo far from having formed 
any hypothefis that led to the difcoveries I made in 
purluing them, that they would have appeared very 
improbable to me had I been told of them ; and 
when the decifive fads did at length obtrude them- 
felves upon my notice, it was very flowly, and 
with great hefitation, that I yielded to the evidence 
of my fenfes. And yet, when I re-confider the 
matter, and compare my laft difcoveries relating 
to the conftitution of the atmofphere with the 
firft, I fee the clofeft and the eafieft connexion 
between them, fo as to wonder that I fhould 
not have been led immediately from the one to 
the other. That this was not the cafe, I attribute 
to the force of prejudice, which, unknown to our- 
felves, biafles not only our judgments^ properly fo 
called, but even the perceptions of our fenfes 5 for 
we may take a maxim fo ftrongly for granted, that 

H 4 the 
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the plaineft evidence of fenfe will not entirely 
change, and often hardly modify, our perfuafions ; 
and the more ingenious a man is, the more effec- 
tually he is entangled in his errors ; his ingenuity 
only helping him to deceive himfelfy by evading 
the force of truth. 

There are, I believe, very few maxims in philo- 
ibphy that have laid firmer hold upon the mind, 
than that air, meaning atmofpherical air (free from 
various foreign matters, which were always fuppofed 
to be difTolved, and intermixed with it) is a JimpU 
elementary Jubjiancey indeflrudtihle, and unalterable, 
at leaft as much fo as water is fuppofed to be. In 
the courfe of my inquiries, I was, however, foon 
fatisfied that atmofpherical air is not an unalterable 
thing ; for that, according to my firft hypothelis, the 
phlogifton with which it becomes loaded from bcxiies 
burning in it, and aninrials breathing it, and various 
other chemical proceffes, fo far alters and depraves it, 
as to render it altogether unfit for inflammation, re- 
fpiration, and other purpofes to which it is fublervieht; 
and I had difcoyered that agitation in water, the pror 
cefs of vegetation, and probably other natural pro- 
ceffes, reflore it to its original purity. But I own I 
had no idea of the pofTibility of going any farther in 
this way, and thereby procuring air purer than the 
befl common air. I might, indeed, have naturally 
imagined that fuch would be air that fhould contain 
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lefs phlogifton thap the air of the atmolphere ; but 
I had no idea that fuch a compofition was poffible. 

In my firft publication on tjie fubjedt of air, I 
mentioned that which I had got from mtrey and 
the account I then gave of it demonftrates it to 
have been dephlogifticated air, but I had not pur^ 
fued that experiment, nor was it of any ufe to mc 
in the following courfc. It may be .worth while, 
however, to recite what I then obferved, which 
was as follows. 

All the kinds of fadtitious air, I then obferved, on 
which I had made the experiment, were highly noxi- 
ous, except that which is extradted from nitre, or 
alum 5 but in this even a candle burned juft as in 
common air. In one quantity which I got from 
nitre a candle not only burned, but the flame 
was increafed, and fomethmg was heard like a hif- 
fing, .fimilar to the decrepitation of nitre in an 
open fire. 

The air was extrafted from thefe fubftances by 
heating them in a gun barrel, which was much cor- 
roded and foon fpoiled by the experiment. What 
effedt this circumltance had upon the air I did not 
confider. 

At the time of my firft publication, I was not 
poflefled of a burning lens of any confiderable force ^ 
and for want of one, I could not poffibly make 
many of the experiments that I had projefted, and 

which. 
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which, in theory, appeared very promifing, 1 had, 
indeed,^ a mirror of force fuiSicient for my purpofe. 
But the ngiture of diis inftrumtnt is fuch, that it 
cannot be applied, with effeft, except upon fub- 
fiances that are capable of being fuipended, or rett- 
ing on a very flender fupport. It cannot be dire<9:ed 
at all upon any fubftance in the form oipwder^ nor 
hardly upon any thing that requires to be put into 
a veflel of quickfiiver ; which appears to me to be 
the moft accurate method of extradting air from a 
great variety of fubftances, as was explained in the 
ifttroduftion to this work; But having afterwards 
procured a lens of twelve inches diameter, and twen- 
ty inches focal diftance, I proceeded with great ala- 
crity to examine, by the help of it, what kind of 
air a great variety of fubftances, natural and fa<5ti- 
tious, would yield, putting them into the veflels 
reprefented fig. ^, PL IV. which I filled with 
quickfiiver, and kept inverted in a bafon of the 
fame. Mr, Warltire, a good chemift, and lec- 
turer in natural philofophy, happening to be at 
that time in Calne, I explained my views to him, 
and was fumiihed by him with many fubftances, 
which I could not otherwife have procured* 

With this apparatus, after a variety of other ex- 
periments, an account of which will be found in its 
proper place, on the ift of Auguft^ 1774, I en- 
deavoured to cxtraft air from m&rcurius calmatusfer 
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/e I and I prefendy found . that, by means of this 
lens, air was expelled from it very readily. Hav- 
ing got about three or four times as much as the 
bulk of my materials, I admitted water to it, and 
found that it was not imbibed by it. But what fur* 
prized me more than I can well exprefs, was, that 
a candle burned in this air with a remarkably vi- 
gorous flame, very much like that enlarged flame 
with which a candle burns in nitrous air, expofed 
to iron or liver of fulphur -, but as I had got nothing 
like this remarkable appearance from any kind of 
air befides this particular modification of nitrous air, 
. and I knew no nitrous acid was ufed in the prepara- 
tion of mercurius calcinatusy I was utterly at a lofs 
Jiow to account for it. 

In this cafe, alfo, though I did not give fufiicient; 
attention to the circumftance at that time, the flame 
of the candle, befides being larger, burned with more 
Iplendor and heat than in that Ipecies of nitrous 
air ; and a piece of red hot wood Iparkled in it, ex- 
aftly like paper dipped in a folution of nitre, and it 
confumed very faftj an experiment which I had never 
thought of trying with dephlogifticated nitrous air. 

At the fame time that I made the above-mention- 
ed experiment, I extrafted a quantity of air, with 
the very fame property, from the common red fre- 
fiptatei which being produced by a folution of mer- 
pury in ^irit of nitre, made me conclude that this 
I peculiar 
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peculiar projperty, being fimilar to that of the mo^ 
dification of nitrous air above mentioned, depended . 
upon fdmething being communicated to it by the 
nitrous acid ; and fince the mercurius calcinatus is pro- 
duced by expofing mercury to' a certain degree of , 
heat, where common air has accefs to it, I likewife 
concluded that this fubftance had collefted Ibme- 
thing oinitre^ inthatftate of heat, ffoiii the atmoA 
phere. 

This, however, appearing to me much mofe e^^- 
traordinary than it ought to have done, I entertained 
fome fufpicion that the mercurius calcinatus •, on which 
I had made my experiments, being bought at a 
common apothecary's, might, in faft, be nothing 
more than red precipitate ; though, had I been any 
thing of a pradlical chymift, I could not have en- 
tertained any fuch fufpicion. However, mentioning 
this lulpicion to Mr. Wiarltire, he furnifhed mc 
With fome that he had kept for a Ipecimen of the 
preparation, and which, he told me, he could war- 
rant to be genuine. This being treated in the fame 
manner as the former, only by a longer continuance 
of heat, I extradted much more air from it than from 
the other. 

This experiment might have fatisfied any mo- 
derate fceptic ; but, however, being at Paris in the 
Oftober following, and knowing that there were 
feveral very eminent chymifts in that place, I did 

not 
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not omit the opportunity, by means of my friend 
Mr. Magellan, to get an ounce ofmercurius calcina- 
tus prepared by Mr. Cadet, of the genuinenefs of 
which there could not poffibly be any fufpicion,; and 
at the fanie time, I frequendy mentioned my fur- 
prife at the kind of air which I had got from this 
preparation to Mr, Lavoifier, Mr. le Roy, and fc- 
veral other philofophers, who honoured me widi 
their notice in that city ; and who, I dare fay, can- 
not fail to recoiled the circumftance. 

At the feme time, I had no fulpicion that the air 
which I had got from the mercurius cdcinatus 
was even wholefome, fo far was I from knowing 
what it was that I had really found ; taking it for 
* granted, that it was nothing more than fuch kind of 
air as I had brought nitrous air to be by the pro- 
cefles above mentioned} and in this air I have 
obferved that a candle would burn fometimes quite 
naturally, and fometimes with a beautiful enlarged 
flame, and yet remain perfeftly noxious. 

At the fame time that I had got the air above 
mentioned from mercurius calcinatus and the red 
precipitate, I had got the fame kind from r^^ /(?^^ 
or minium. In this procefs, that part of the imnium 
on which the focus of the lens had fallen, turned 
yellow. One third of the air, in this experiment, 
was readily abforbed by water, but, in the rertiain- 

der. 
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dcr, a candle burned very ftrongly, and with a cracks 
ling noife. 

This experiment with red lead confirmed me 
more in my fufpicion, that the mercurius cakinatus 
muft have got the property of yielding this kind of air 
from the atmofphere, the proccfs by which that pre- 
paration, and this of red lead is made, being lirtii- 
lar. As I never make the leaft fecret of any thing 
that I obferve, I mentioned this experiment alfo, 
as well as thofe with the mercurius cakinatus, and 
the red precipitate, to all my philolbphical acquaint- 
ance at Paris, and elfcwhere ; having no idea at that 
time, to what thefc remarkable fafts would lead. 

Prefcndy after my return from abroad, I went 
to work upon the mercurius cakinatus, which I had 
procured from Mr. Cadet ; and, with a very mo- 
derate degree of heat, I got from fomc of it, an 
ounce meafure of air, which I obferved to be not 
readily imbibed, either by the fubftance itfelf from 
which it had been expelled (for I fufFered them to 
continue a long time together before I transferred 
the air to any other place) or by water, in which I 
fufFered this air to ftand a confiderable time before I 
made any experiment upon it. 

In this air, as 1 had expefted, a candle burned 
with a vivid flame ; but what I obferved new at 
this time (Nov. 19) and which furprized me no 

lefs 
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lels than the faft I had difcovercd before, was, Aat, 
whereas a few moments agitation in water will de- 
prive the modified nitrous air of its property of ad- 
mitting a candle to bum in it j yet, after nnore than 
ten times as much agitation as would be fufficient 
to produce this alteration in the nitrous air, no fen- 
fible change was produced in this. A candle ftill 
burned in it with a flrong flame ; and it did not, in 
the leaft, diminiih common air, which I had ob- 
ferved that nitrous air, in this ftatc, in fome meafure, 
does. . ; 

But I was much' more furprized, when, after 
two days> in which this air had continued in contaft 
with water (by which it was diminiflied about one 
twentieth of its. bulk) I agitated it violently in wa- 
ter about five minutes, ^nd found that a candle 
ftill burned in it as well as m common air. The fame 
degree of agitation would have made phlogifticated 
nitrous air fit for respiration indeed, but it would 
certainly have extinguifhed a candle. 

Thefe fafts fully convinced me, that there muft 
be a very material diflerence between the conftitu- 
tion of the air from mercurius calcinatusy and that of 
dephlogifticated nitrous air, notwithftanding their 
refemblance in fome particulars. But though I did 
not doubt that the air from mercurius calcinatus was 
fit for refprration, after being agitated in water, as 
every kind of air without exception, on which I had 

trie4 
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tried the experiment, had been, I ftill did not fuC- 
pedt that it was refpirable in the firft inftance ; {o 
far was I from having any idea of this air being, 
whatt it really was, much fuperior, in this reipeii;, 
, to the air of the atmplphere. 

In this ignorance of the real nature of this kind of 
air, ; I continued from this time (November) to the 
I ft of March following j ^ having, in the mean time, 
been intent upon my experiments on the vitriolic 
"acid air, and the various modifications of air pro- 
duced by fpirit of nitre. But in the courfe'of 
this month, I not only afcertained the nature of this 
kind of air, though very gradually, but was led by 
it, as I then thought, to the complete difcovery of 
the conftitution of the air we breathe. 

Till this firft of March, 1775, I had fo little- fuf- 
picion of the air from mercurius calcifuUus, &c. being 
wholefome, that I had not even thought of apply- 
ing to it the teft of nitrous iir; but thinking (as my 
readef muft imagine I frequently muft have done) 
on the candle burnmg in it after long agitation in 
water, it occurred to me at laft to make the experi- 
ment ; and putting one meafure of nitrous air to 
two meafures of this air, I found, not only that it 
was diminilhed, but that it was dirainifhed quite as 
much as common air, and that the rednefs of the 
mixture was likewife equal to that of a fimilar mix- 
ture of nitrous and common ain 

After 
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After this I had Ho doubt but that the. air fi-om 
mercurius calcinatus Was fit for reipirationj and that 
it had all the other properties of genuine cpmmon 
air. But I did hot take notice of what t might 
have obferved, if I had not been fo fully poilefled, 
by the notion of there being no air better than com - 
mon air, that the rednefs was really deeper, and the 
diminution : fomething greater than common air 
would have admitted. 

I now concluded that all the conftituent parts. of 
the air were equally, and in their [H'oper proportion^ 
imbibed in the preparation of this f^bftance, and 
alfa in the procefe of making red lead; For at the 
fame time that I made the above mentioned expe-* 
rim^nt 9h the air from mercurius, calcinaSus, I like-*- 
wife obferved that the air which I had extraded 
from red lead^ after the fixed air was waflied out of 
it, was of the fame nature, being diminifhed by nir^ 
trous BIT like common air i but, at the fame time, 
1 was puzzled to find that air fixxn the redprecipi* 
tfiZt was diminifhed in the fame manner, though 
the procefs for making this fubilance is quite differ^ 
ent from that of making the two others. But to 
this circundftance I happened not to give much at^ 
tention. 

, I wifh my reader be not quite tired with the fre- 
quent repetition of the vrordjitrprize, and others of 
fimilar import $ but I muft go on in that fbyle a lit-» 

Vol* IL I tic 
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tic longer. For thie next day I was more furprized 
than ever I had been before, with finding that, after 
the above mefltioned mixture of nitrous air and the 
aif from mercurius calcinatus, had ftood all night 
(in which time the whole diminution muft have takea 
place J and, confequently, had it been commoa 
air, it muft have been made perfeftly noxious, and 
intirdy unfit for re^irationor inflammation) a can- 
dle burned in it, and even better than in common^ 
air. 

I cannot^ at this d^^nce of time, recoDeft what 
k was Aat I had in view in making this experiment } 
hut I know I had no expeAation of the real iflue of 
it-. Having acquired a eonfiderabk degree of rca- 
dinefe in making ^ experiments of this kind, a very 

f r- * 

flight and evanefcent motive- would be fufficitrlt tS 
induce me to do it Ki howeveri I had t^t h&p^ 
pened, for fonie other purpdfe, to have had a lighted 
candle before trie, 1 fhould probably never hav* 
made the trial-; and the whole train of my . fettlri 
ei^riments relating to this kmd of air might hav# 
been prevented. 

Still, howtver, having Ino conception 6f the vtA 
caufe-ofthis phenomenon, J confideredit as fome-^ 
thing very extraordinary; but as a property that 
Was peculiar to air extrafted from thefe fubftances^ 
and advefttitious ; and I ^ways Ipoke of ^ «ir td 
my ^cquaitxtabce a$ being fubftantiaUy the famt 

thing 
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^mg with common air. I :particularly itmember 
my telling Dr. Price, that I was myfelf perfedtiy 
iatisfied of its being common air^ ^ it appeared to 
be fo by the teft of nitrous air i though, for the fa- 
tisfa&ion of others, I wanted a moufe to rilake the 
proof quite complete. 

On die 8di of this month I procured a moufe, and 
put it into a glafs veflel, containing two ounce mea* 
iiires of the air from mercurius calcinatus. Had it 
been common air, a full grown moufe, as this was^ 
would have lived in it about a quarter of an hour. 
In this air, however, my moufe lived a full half 
hour ; and though it was taken out feemingly dead, 
it appeared to have been only exceedingly chilled ; 
for, upon being held to the fire, it prefendy revived, 
and appeared not to have received any harm from 
thq experiment. 

By this I was confirmed in my conclufion^ that 
the air extra£ted fit)m mercurius caUinatus^ &c« was 
«/ leafi as good as common air i but £ did not cer^^ 
txinly conclude that it was any better i becauibj 
though one moufe would live only a quarter of an 
hour in a given quantity of air, I knew it was 
not impoifible but that another moufe might have 
lived in it half an hour ; fo little accuracy is there in 
this method of afcertaining the goodnefs of air : and 
indeed I have never had recourfe to it for my own 
fkmfaftion, fince the difcovery of that moft rea^, 

I a accurate^ 
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accurate, and elegant teft that nitrous air fumiflieSi 
But in this cafe I had a view to pilblifhing the 
mofl: generally-latisfaftory account of my experi- 
ments that the nature of the thing would admit of. 

This experiment with themoufe, when I had re^ 
fledled upon it fome time, gave me fo much fufpi* 
cion that the air into which I had put it was better 
than common air, that I was induced, the day after, 
to apply the teft of nitrous air to a fjiiali part of that 
very quantity of air which the moufe had breathed 
fo long I {o that, had it been common air, I was fa- 
tisfied it muft have been very nearly, if not altoge- 
ther, as noxious as poiTible, fo as not to be affected 
by nitrous air ; when, to my furprize again, 1 found 
that though it had been breathed io long, it was ftill 
better than common ain For after mixing it with 
nitrous air, in the ufual proportion of two to one, it 
was dinminiflied in the proportion of four and a half 
to three and a half; that is,, the nitrous air had 
made it two ninths. le& than before, and thi^in a 
very fhort fpaceoftime; whereas I had never found 
that, in the longeft time, any common air was re- 
duced more than one fifth of its bulk by any pro^ 
portion of nitrous air, nor more than one fourth by 
any phlogiftic procefs whatever. Thinking of this 
extraordinary faft upon my pillow, the next morn- 
ing I put another meafure of nitrous air to the fame 
mixture, and, to my utter aftgnifhment, found that 

it 
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it was farther diminilhed to almoft one half of its 
original quantity. I then put a third mealure to it j 
but this did not dimmifli it any farther i but, how- 
ever, left it one meafure left than it was even after 
the moufe had been taken out of it. 

Being now fully fatisfied that this air, even after 
the moufe had breathed it half an hour, was much 
better than common air 5 and having a quantity of 
it ftiU left, fufficient for the experiment, viz. an. 
ounce meafure and a half, I put the moufe into it 5 
when I obferved that it feemed to feel no fhock up- 
on being put into it, evident figns of which would 
have been vifible, if the air had not been very whole- 
fome ; but that it remained perfe<5Uy at its eafe an- 
other fiUl half hour, when I took it out quite lively 
and vigorous. Meafuring the air the next day, I 
found it to be reduced from one and a half to two 
thirds of an ounce meafure. And after this, if I 
remember well (for in my regifter of the day I only 
find it noted, that it was conjid^ably dimmjhed by 
nitrous air) it was nearly as good as common air. 
It was evident, indeed, from the moufe having been 
taken out quite vigorous, that the air could not 
have been rendered very noxious. 

For my farther fadsfadion I procured another 
moufe, and putting it into lefs than two ounce mca- 
fures of air extia&ed from mercurm cdcinatus and 
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air from red precipitate (which, having found them 
to be of the &me quality, I had mixed together) 
it lived three quarters of an hour. But not having 
had the precaution to fet the veflel in a warm place, 
I fulpedt that the moufe died of cold. However, as 
it had lived three times as long as it could proba- 
bly have lived in the fame quantity of common air, 
and I did not expeft much accuracy from this kind 
of teft, I did not think it neceflary to make any more 
experiments with mice. 

Being now folly fatisfied of the fuperior goodnefs 
pf this kind of air, I proceeded to meafure that de- 
gree of purity, with as much accuracy as I could, 
by the teft of nitrous air ; and J began with putting 
one meaibre of pitrous air to two meafures of this 
air J as if I had been examining common air j and 
now I obferved that the diminution was evidently 
greater than common air would have liifFered by 
the fame treatment. A fecond meafure of nitrous 
dr reduced it to two thirds of its original quantity, 
and a tjiird meafore to one half. Sufpefting that 
the diminution could not proceed much farther, I 
then added onfy half a meafure of nitrous air. By 
this it was dinrxiniflaed ftiB more, but not much, 
and another half meafute made it more than half of 
its orlgmaf quantity i fo that, in this cafe, two mear 
fores of this air tods more than two meafUres of nir 
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troiis air, and yet remained lefs than half of what it 
^as. Five meafures brought it pretty exadUy to 
its original dimenfions. 

At the lame time, air from the red precipitate wa$ 
diminilhed in the fame proportion is that from 
mercurius ^alcinatusy five meafures of nitrous^ air be- 
ing received by two meafures of this without any 
increafe of dimenfionsv Now as common air takes 
about one half of its bulk of nitrous air, before it 
begins to receive any addition to its dimenfions from 
more nitrous ^r, and this air took more than four 
half meafures before it ceafcd to be diminiflied by 
more nitrous air, and even five half meafures made 
no addition to its original dimenfions, I concluded 
that it was between four and five times as good as 
Common air. It will be fecn diat I have fince pro* 
cured air purer than this«- 
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SECTION II. 

\ 

OftheProduSiiontfdepbhgiflicatedJiry by Means of 
Spirit of Nitre and the Calx of Lead. 

BEING now fully fatisfied with refpeft to the 
nature oftKis new lpecie;s of air, viz. that, be^ 
ing capable of taking rpore phlogiftoa fronn nitrous 
air, it therefore originally contains lefs of this prin- 
ciple; my next inquiry was, by what means it 
comes to be lb pure, or philofophically Ipeaking, to 
be fo much dephlogifticated ; and fince the red lead 
yields the fame kind of air widi mercurius caldna^ 
tusj though mixed with fixed air, and is a nnuch 
cheaper material, I proceeded to examine all the 
preparations of lead, made by heat in the open air^ 
to fee what kind of air they would yield, beginning 
with the grey calx^ and ending with litharge. 

The red lead which I ufed for this purpofe yield- 
fdz confiderable quantity of dephlogifticated air^ 
and v^ry Ktle fixed air. In this experiment two 
incafures of nitrous air being put to one meafure 
of this aifji reduced it to one thirji of what it ijtras at 
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firft, and nearly three times its bulk of nitrous air 
made very litde addition to its original dimenfions ; 
{o that this air was exceedingly pure, and better than 
any that I had procured before. 

One quantity of red lead, which I procured, had 
a yellowifli cafl:, and had in it feveral pieces indrcly 
yellow, I tried it with the burning lens in quick- 
filver, and found that it yielded very little air, and 
with great difficulty ; requiring the application of 
a very intenfe heat. With an equal quantity of ni- 
trous air, a part of this air was reduced to one half 
of its original bulk, and three meafures and a half 
faturated it. The air, therefore, was veiy pure, 
and the quantity that it yielded being very fmaU, it 
proved to be in a very favourable ftate for afcer-' 
taining on what circunnftances its acquiring this air. 
depended. 

My objeft now wai to bring this red lead, - wliich- 
yielded very litde air, to that ftate in which oAer 
red lead had yielded a confiderable quantity j atld 
taking it, in a manner, for granted, in confequencc 
of the reafoning intimated above, that red lead muft 
imbibe from the atmofphere fome kind of acidy in 
order xp acquire that property, I took three feparatc 
half ounces of this freih made red lead, and moiften- 
cd them till they made a kind of pafte, with each 
of the three mineral acids, viz. the vitriolic, the ma-, 
nne^ and the nitrous i and as I intended to m^^e 

the 
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the experiment in a gun baitel, left the iron fhould 
be too much afiefted by them, I dried all thefc 
mixuires, till they were perfeftly hard ; then pul- 
verizing them, I put them fcparately into my gun 
barrel, filled up to the m9uth with pounded flinty 
which I had found by trial to yield litde, or no air 
when treated in this manner. I had alfo found 
that no quantity of air, fufficient to make an ex- 
periment, could be procured from an equal quan- 
tity of this red lead by this procefs. 

Thofc portions of the red lead which had been 
moiftened with the vitriolic and marine acids be- 
came white ; but that which had been . moiftened 
with the nitrous acid, had acquired a deep brown 
colour. The mbctures with the nitrous and marine 
acids dried pretty readily, but that with the vitriolic 
add was never perfedtly dry j but a great part of 
it i^mained in the form of a foftifh pafte. 

Neither the vitriolic nor the marine acid mix- 
tures gave. the leaft air when treated in the man- 
ner above-mendoned ; but the moment that the 
compofition into which the nUrous acid had enter- 
ed became warm, air began to be produced ; and 
I received the produce in quicklihrer. About one 
ounce meafure was quite tranfparent, but prefendy 
after it became exceedingly red ; and being fatif* 
fied that this rednefs was owing to the nitrous acid 
vapour having difTolved the quickfilve^ , I took np 

^ more- 
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more than two ounce meafures in this way, but 
received all the remainder, which was almc^ two 
pints, in water. Far the greateft part of this was 
-fixed air, being readily abforbed by water, and ex* 
tinguilliing a candle. There was, however, a con- 
fiderable rcfiduum, in which the flame of a candle 
burned with a crackling noife, from which I con- 
cluded that it was true dcphlogifticated air. 

In this experiment I had moiftened the red kad 
with fpirit of nitre fcveral times, and had dried it 
^ain. When I repeated the experiment, I moiften- 
ed it only once with the fame acid, when I got 
from it not quite a pint of air ; but it was almoft 
all cf the dephlogifticatcd kind, about five times 
as pure as common air. N. B. All the acids madb 
a violent effervefcence with the red lead. 

Though there was a difference in the refult of 
thefe experiments, I was now convinced that it was 
the nitrous acid which the red lead had acquired 
from the air, and which had enabled it to yieU 
the dephlogiilicated air, agreeably to my origmal 
conjefhire. Finding alio, as will be ieen in the 
following fedion, that the fame kind of air is pro- 
duced by moiftening with the Ipirit of nitre any 
kind of earth that is free from phlogifton, and treat- 
ing it as I had done the red lead in the laft-men^ 
tioned experiment, there remained sit that time 
|K> doybt in my mind, but that atmojpberkal air^ 

or 
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or the thing that we breathe, cmjifls of the nitrous 
acid and earthy with fo much phlogifton as is ne- 
ceffary to its el^icity ; and likewife fo much more 
as is required to brmg it from its ftate of perfeft 
purity to the mean condition in which we find it. 

From the following experiments it will appear 
that the quantity of dephlogifticated air depends, 
upon the quantity of the Ipirit of nitre made ufe 
of in the procels, the quantity of fixed air being 
nearly the fame i(i all the cafes. 

From an ounce of red lead, heated in a gun bar- 
rel, I got about an ounce meafure of air, which 
all together was worfe than common air ; an efitrd: 
which I attribute, in a great meafure, to phlogifton 
difcharged from the iron. The produftion of air. 
in this cafe was very flow. 

From an ounce meafure of the fame red lead, 
diluted with half fpirit of nitre and half water, I 
got twelve Ounce meafures of air, the laft produce 
of which was highly nitrous.; JIalf of this quan- 
tity was abforbed by water, and the remainder was 
twice as good as common air. 

From an ounce of the fame red lead, diluted 
with the fame (pirit of nitre, without water, I got^ 
by the lame treatment, about thirty ounce meafures 
of air, about one eighth of which was abforbed by 
water, while the reft was highly dephlogifticated. 

From 
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From the fame quantity of red lead, moiftened 
with twice the quantity of the fame fpirit of nitre, 
I got about fixty ounce meafures of air, a very 
fhiall part of which was abfbrbed by water, and 
the reft was as highly dephlogifticated as that in 
the laft experiment. _ 

The produce of air was quicker, with the fame 
degree of heat, in proportion as the quantity pro- 
duced was greater ; and in the laft proce^ the air 
was very led in the infide of the veffel.that received 
it, for a confiderable time. 

For this purpofe I tried, with foccefs, flo%vers of 
"suncy chalky quick Ume, flacked lime,, tobacco pipe clay^ 
flitti and Mufcffvy talck, with other fimilar fubftances, 
which will be found to comprize almoft all the kinds 
of earth that are efientially diftindl from, each other, 
according to their chemical properties. ; 

I was rfxe iwre confirmed in my.idcaof fi»rit 
of nitre and earth conftitutmg rcfpirable air^ by 
finding, that when any of thde "matters, on which 
I had tried the experiment, had been tr»ted!in.the 
manner above-mentioned, and they had thereby 
yiekled all the air that could be extradbed from 
them by this procefs; yet when they had been 
moiftened with frefh,lpirit of nitre, and were treated 
in the fame manner as . before, they would yield as 
much dephlogifticated air as at the firft. This 

may 
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may be repeated till all the earthy matter be ex- 
haufted* It will be fufficient to recite one or two 
6fts of this kind from my regifter. 

April 1 8, I took the remains of the frefli made 
red lead, out of which a great quantity of dephlo* 
gifticated air had been extracted, and moiftening 
M)out dwee quarters of an ounce of it a fecond time 
with ipirit of nitre, I got from it about two pints 
of air, all of which was. nearly fix times as puw 
as common air. This air was generated very &fi:, 
and the glais tube through which it was tranfmitted 
was filled with red Amies ; the nitrous acid, I fiip* 
poie, prevailing in the compafition.of the air, but 
being abforbed by the water in which it was afirr- 
wards received* 

In this, and Toaay other procefles, my reader 
will find a great variety in the purity of the air 
procured from the. fame fubflances. But this will 
not be wondered at,.. if it be confidesed that a fmall 
quatidty of piibgiffitc ;matter, accidentally mixing 
^tih the ingredienblfbr the corqppfition of this aif, 
depraves it* ^ It 'will alfq be unavoidably depraved^ 
in fome meafure, if the experiment be made in a 
^n barrel, which I commonly made ufe o^ when, 
as was generally jdie xafe, it was iiiffidently exa& 
£»'my purpoie,on account of its beii^ the eafieft,and 
in many refpeds, the moll commodious inftrument. 

The 
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The reafon of this is, that if the produce of air 
be not very rapid, there will be time for the phlo- 
gifton to be difengaged from the iron itfelfi and 
to mix with the air, Acoordingly I have feldom 
failed to find, that when I endeavoured to get all ' 
the air I poffibly could from any quantity of ma- 
terials, and received the produce at different times 
(as for my fatisfadion I generally did) the Jaft 
was inferior in purity to that which came firft. 
Not unfrequendy it was phloglflicated air ; that is, 
ixr fo charged with phlo^fton, as to be perffaftij^ 
noxious. If, therefore, any perfon fhall propose tp 
make dephlogifticated air, in large quantities, he 
(boidd have an apparatus appropriated to that pur-^ 
polie; and the greateft care ihould be taken to 
keep the inftruments as clear as poflible from all 
phlqgillic matter, which is die very bane of purity 
with Te%cft to air, they being exaftly plus znd 
minus to each other. 

in thefe experiments I was led into an error by 
not giving fufficient heat to the mixture of red lead 
and vitriolic acid, or radier by ufuig a gun barrel 
Had I been then in pofleflion of the excellent ear$hm 
tubes widi which Mr. Wedgwood now fumifhes 
me, I ifaould iiave got as pure dephlogifticated air 
from the vitriolicj as the lutrous acid. 



SEC 
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SECTION III. 

A more particular Account of fome Procejfes for 'the 
' "Pro'duHiGn of dephlogifticated Air^ in craer to a^' 
termine what Kind of Earth was moft proper t$ 
• mix with nitrous Acid for the Purpofe. 

HAVING feen fufficient reafbn, as I at firft 
thought, to conclude that refpirable air con- 
fifts of nitrous acid and earth, my objedt, in all 
this courie of experiments, w^ limply to find wbai 
kind of earth was moft proper for this purpoie, or 
which had the moft aptnefs to form this peculiar 
union with the nitrous acid. Upon the whole, \ 
think it will appear that the metallic earths^ if they 
be free from phlogifton, are the moft proper, and 
next to them the calcareous earths *, * but that a very 
great difference in the produ6tion of this kind of air 
depends upon a variety of circumftances in which 
the experiments are made. 

The pureft air that I at that dme procured was 
from flcnvers of zinc, moiftened, as in the other 
procefTes, with fpirit of nitre, and. put .into a glais 
phial, with a ground-ftopper and tube. At firft 
I defpaired of getdng any air at all from the pro- 

cefs; 
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Ge& ; but at length it came in a prodi^us torrent^ 
and was ib cioudy> tixdt the burfting of every bub- 
ble» after it had pafled through the . water, refem- 
bled the burfting of a bag of flour. The tube 
thraugh which it was tranfmitted was exceedingly 
ltd, and in fbme degree, the infide of the receiver 
fioo, as might be perceived amidft the thick cloud 
that filled it. This cloudinefs of the newly-gene* 
rated air, I have often perceived in the procefs 
with red lead> but never in fo great a degree as 
in this cafe. 

The quantity of air procured was nearly three 
pints> from abchjt half an ounce meafure of the 
flowers of zinc \ and it was fb highly dephlogifti- 
cated, that it took three dmes its bulk of nitrous 
air before its dimenfions were increafed. When it 
had got only twice its bulk of nitrous air, it was 
reduced to lefs than one fifth of its original quan- 
tity* The laft produce came very flowly, and was 
not quite fo pure. The flowers of zinc, which I 
uied in this experiment^ formed a very hard and 
britde iubitance, when mixed with Ipirit of nitre, 
and dried. After the procefs it fwelled, and broke 
the phial into many pieces. 

Next to the metallic earths of lead and zinc, I 
found the calcareous earths the moft proper for the 
produdion of dephlogifticated air; but I had no 
opportunity of trying any great variety of them. 

Vol. IL K The 



The beft Aat I did try was xhdSk. Hsvkig Hs^^ 
rated ha]f an ounce of it widi diluted /i|>irk of nitre> 
and dried lt> I gat from k> m a gan barrel, mom 
tbail a pint of air, which was h%hly depfabgifti^ 
cated. I b^an to receive this produce ia quick-** 
filver, the cotiiequence of wludi was^diatthe mt^ous 
acid, coming over in the form of vapour, diliblved 
the quickfUver, and made ottrous air; but ii crufl: 
i)eu^ fcntned upon the fiH&ce of it, prevented the 
folotion of more, and the air continued red a long 
rime. 

Froth another ounce meafuire of chalk, treated 

in die fame manner, I got about a quart of air. 

What I took firil was confiderably nitrous, two 

meafures of common air and one of this, Occupy^-- 

ing the fpace of two meafures and a halfl The 

fecond pint Was dephlo^fticated ; fo that two mea- 

' fures of it, and five of nitrous dr, occupied tbe (pace 

of two meafures. The laft was lefs dephlogifti- 

cated, being about one half better than common 

air. At this timt the air was generated with pro- 

di^us rapidity \ the gla& tub« throu^ which It 

was tranfmitted was exceec&ngly red; knd wSien, 

in changmg the veflels, fome of the vapour efcaped 

into the air, it had 'the reddeft appearance of any 

thingthat I hadfver feen of the kind. 

Having iaturated half an ounce kJl exceedingly 
^oed qtUck-Sm with diluted ^irit of mtt, dried 

it. 
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]x^ and put.it into a gun barrd, I got:fit>m it about 
a {MDt and half of air, the firfr part of which trasr 
£» &r d^hlogifticated^ that it reqiiired an equal 
mealure of nitrous air to faturate it. The fi^ond 
was no better than common airy and di6 third was 
equal to the fiift. In this procefs the air was pro- 
duced very irregularly, fomedmes coming in great 
quandties, and at other dmes the water would rufh 
back into die tube. 

I repeated the experiment with quick-lime, in %. 
glafs fdiiial and tube, when the wh(^ quantity was 
fo pum, diat it required twice its bulk of nitrous 
air to fatumte it. The j^roduce of air, in diis ex^ 
periipent, was as irregidar as in the preceding^ 

It is flifficiendy evident from tfae£b e3q)erimentSf 
jdiat d^hlogiflica^d air is produced by means of 
all kinds of earth mixed with fpirk of nitre, x^ 
that a greater quantity of air is produced fibml 
fome than from others ; the advantage in this re« 
fpe6t being on the fide of the metafile and calcare* 
ous earths. The reafon, thou^ I wa3 not thou 
aware of it is, that thofe earths^ hf their afiinity to 
the nitrous acid, retain it till it can be afted upoti 
by the fire. For in all cafes it is the addovl^y 
and not the $arth^ from which the air comes. 

I would obiervej that this proceis feems to ftimiih 
a pretty accurate tefl:, perhaps die moft accurate 
hitherto known, of the prefence of phlogifton m 

K 2 bodie^ 
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bodies. Nitrous air tx>ntains fo much phlog^lony 
diat I tlunk it cannot be produced unlels the mate**, 
rials themielves contain it in a very coniklerable 
degree. Whereas, if the air be highly dephlo- 
gifticated, I think it may be. confidered as the moilb 
fatisfedtery proof we are yet acquainted with, that 
the fubftance contains no phlpgiilon at all. 

I had at this time made trial of no more than 
two of the metallic earths, viz..thofe of lead and 
zinc. The reafon why I did not proceed any far- 
ther in this way was, that I knew not how to pro- 
cure the earths^ of the feveral metals •in a ftate 
tolerably free from phlogifton, without which I was 
well aware they would have yielded nitrous or phlo- 
gifticated air, and not dephlogifticated. 

But I afterwards hit upon a method of coming 
at the pure earth of aU the metals, with the leaft 
trouble pofiiUe, alio, of determining the quantity 
of phlogifton they each contain, with the quantity • 
of pure earth which remains after all the phlogifton. 
is expelled, and the quality of it, .with refpeft to wha^ 
I. then thought its ccnvertiMity into air. This is effed- 
cd by difTolving the metals completely, and diftilling 
the folution to drynefs in a glafs vefTel, then employ- 
ing more fpirit of nitre, till as much as 1 pleafe of it be 
converted into air. If much phlogifton do not adhere 
to the calx of the metal, pure air will be procured at 
the very firfl diftillation j but if the earth be very imr 

pure. 
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pxire, by cohtainifig much phlogifton, the whole of 
the fir& produce :will be nitrousj^ or phlc^ifticajted 
air, and pure air may not be pipcurcid tiB the 
iecond or third procefs. It was froay copper that 
I firfl procured air in thi$ manner^ us will be related 
prefendy when I come to treat of air from that 
metal. But I chule, for the fake of better order, 
to begin with my accounts of the more perfeil 
metalsy before I mention the niore imperfeft ones, 
and I fliall relate ajl the appearance^, diough fome 
of them are not to the prefent purpofp. 

I diffolved a quantity of gold in aqua regiay and 
found diat k h^d loft four grains in weight* During 
this folution. k yielded an oynpe me^fuj-e of ^ir, 
mixed widx a good d^aj.pf agid vapour; for when 
lime water was admitted to it, though k did not 
become in the leaft degree turbid, it abforbed more 
dian half of the air. After this I diftilled die folu-* 
tion to dryne&, and <got from it about half an ounce 
meafure of air, half of which, judging by the fame 
appearances, was acid vapour, and the remainder 
pure dephlogifticated air. A brownilh powder re- 
mained, which, being colledled as carefully as I 
could, weighed three grains ; fo that the ^r ^bove-^ 
mentioned had b^en. produced from one grain of 
gold only, and probably fomething lefs. The ppwr 
der that remained was pure gold, being foluble in 
aqua regia^ as I found fome months afcerNyar4s. 
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This folution of gold was maxfe in die commoa 
0qua regia^ confifting of cm fburth of marine acid* 
and three fotirjths of ^irit of nitre > and it iras re- 
markable that when I made another fohidon of 
gold in that kind of aqua regia which I made by 
impregnating marine acid with' nitrous vsqxhir^ 
(which is a much more powerful menftruum for 
gold than the common a^ud regia, yet containii^ 
lefs fpirit of nitre) j^ great a quantity of the air 
procured from the fohition was not dephlogifti-^ 
cated. The particulars c^ this procels were a$ 
follows. 

I difiblved a pennyweight of gold in tlus new, 
but more powerful kind of aqua r^gia ^ and difl^Uing- 
the folution to drynefs^ in a glais phial^^ with s 
ground ftopper^ I got from it about eight ounce 
meailires of air^ which did not make lime water 
turbid^ but was fo much aUbrbed by water, tha^ 
jliot more th^ oiie fourth of an ovnce mea&re was 
left ; ^ this was not better than aoounon air, but 
k might be a litde deprayed by fome part of die 
acid vapoiu* ilill remaining in it. When this pro* 
cefs ap^Hoached to drynefs, the recipient was fillecl 
with an exceedingly thick and white cloud. In 
this experiment aUb the refidutim was incirely dif* 
folyed by frjefh aqua regia. 

' In fome pf thefe experiments I imagined diat all 
^e reliduum was not wholly difiblved by aqua 



f^^but ^ ^^iVitiQf i^i^tved was excfeding^y 

fmaUi and, m^t be femtimptiri^ to the gold due 

J njijde flfe of. Howev^i thrt a real ^^ if gold 
w^ pjPO^^d in diefe wpffiimcnts, i^, I Aink, pro- 
bab}Cft ^m di^ ^^ giv^n to thb ^a& in iHiicb 
the proofs ws^ n^c^ whiehj when the htet Was 
f onfiderabtr, was pardy purple^ and {Mlrdy a dads 
gold f obur,. which n^ acid would touch* But i 
muft obferve, that a very flight tinge of tljc feni9 
colour I oace oVcrved tp be given to a gbfs velTei 
of the lame kind, in wh]<:h mire only had been 
melted^ j aoi not^ difii^iie, abfodutely fiire that^ 
in the former calc, th? tinge was given by the gol4» 
thovigh I think it by much die moft pitbable fup^ 
pofitipa 

From four pennyweights fuc grains oi fiher dil^ 
£>lved in the nitrous acid^ diluted with one third 
part of water, I got five ounce mealures of nitroua 
air ; and removing die vef&l to a fand heat> I got 
m little very pure air, without any mixture of fixed 
airs but the veflel breaking, I cannot tell how 
itiuch more might have been procured. 

I poured diluted ipirit of nitre upon qui^heti 
till I had got about three oiuice meafures of nitrous 
air without the application of heat ; when pouring 
out the undiflblved quickfilver, I put the foludon^ 
together with the cryftals (a third part of the veflfel 
being filled with them) into % ^and-bsat; when.]; 

. K4 got 
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got firft forty ounce mfcafiircs of nitrous air, and 
immediately after that about the faftie quantity of 
tbC' pureft dephlogifticatcd air. During the rapid 
production of this air, it was exceedingly White, and 
the tube through which it was conveyed, was very 
red with die redundant nitrous vapour. Towards 
the end of the procefs the tube was tranfparent, and 
colourlefe, though the jur burft in white clouds 
within the recipient. 

The firft time that I procured dephlogifficated 
air from copper, was from the calx of that metal, 
which remained after I had diflblved a quantity of 
it in oil of vitriol in order to procure vitriolic acid 
wr, and of which I had a pretty large quantity j 
having generally preferred this metal for that pur-- 
pofe. This fubftance, when it was well dried, 
was white $ but on putting fpirit df nitre upon it, 
and drying it again, it became green. From this 
fubftance, thus prepared, making ufc of a gun bar- 
rel, I got about twenty times its bulk of air; of 
which about one half was fixed air, being readily 
abforbed by lime water, and making it turbid'; 
and the refiduum of the firft portion was nitrous 
air, but that of the laft dephlogifticated. 

In this manner I procured dephlogifticated air 
i^m a calx of copper previoufly formed, pouring 
4>irit of nitre upon it, as I had done before on red 

4 

ft»da 9nd tiie flowery of z^nc} but I afterwards ef- 

fefted 
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fefted the fame thing in an caficr manner^ viz. bjr 
diftilling to drynefs the very foludon of- cojpper 
from which I had juft bdbire produced nitrous dr ; 
which I at firft did with a view to afcertdii whe- 
ther there was any fixed air m that foltrtion. ' It is 
weU known that the folurion of copper in $irit of 
nitre yields only nitro\is air ; but fonrte conlidera-^ 
tions had led me to fwfpeft-that diere 'mig^tbe 
fixed ^r in that folution, difcoverable by a boiling 
heat, in the mtanner in which I had applied it, in 
order to expel fixed air froijfi water and various 
other fluids. 

With' this view I filled a large phial with this 
foludon, having a confiderable quantity by me, re- 
maining from mod of my experiments on nitrous 
air; having made it a rule, as much as poflible, to 
dirow nothing away, if I could make room for it. 
No fixed air, however, was procured from this fo- 
iution in the manner that I had expe£ted ; but con- 
tintiing to make it boil, and lupplying it with frelh 
liquor, as the preceding evaporated; I at length got 
into the phial all the folid materials of a very large 
quantity of that folution ; and when it approached 
to drynefs, air came from it in very great abun- 
dance. I might have caught, I believe feveral 
quarts. A confiderable quantity I did coUefb, and 
found about half of it to be fixed air ; and the re- 
fiduum dephlogifticated. The air was exceedingly 

cloudy^ 
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the.prpcei^ t;berf rom^uiif d^^ bl^ck powder. 

To dus black p^»d^.}, applied inore f|^t of iu-» 
trc^ when it pre^tly l^came very hd:, and fumed i 
and beiQjgdriedagaia-al|umed<a-gre^ colour^ at- 
tra&k^ much mpi%ire from the air* Being again 
made^&Qroughly dry^ I. put it again into a g]Lui bar^ 
re}>. anci.with a ftrcoagjhfat^ g^t &0iTi ic about twQ 
pint^ of air, which.I/^ceived in three jjprtions, and 
pbferved'that one Iralf of each* was fixedaif, 4fh6 re« 
fiduum of the f^ and laft nitrous, and that of the 
middle dephlogifiicated. That the laft rofiduuBA 
was rdtrou$> I attribute to thegun barml, eQ^ci* 
ally as the air came very flowly. After this prqcc^ 
very little of the black powder remained. 

Having; got a quandty of nitrons air fcooi' imcb 
in the ufual manner, that is, in a phial with agr^ound 
itopper and tube, where the common air ha^ no ap* 
<:efs to it> I immediately took the rtiiduum, wktiT 
out giving it an opportunity of getting any thing b]f 
communication with the external air ; and, in a red 
fandheat got from it about the fame quantity of air 
that it had before yielded of nitrous air. One half 
of this was fixed air, precipitating lime in lime wa* 
ter, and being readily abforbcd by water, apd the 
remainder was altogether nitrous. 

It is evident from this experiment that iron con- 
tains more phlogifton than copper. The cork, in- 

deed. 
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dted, trkich I made uie of ia cxtradii^ this ar, 
vas evidoidy oocrodcd in die es^iioient, and' 
xnighD coambiite a little, both ta the fixed and diie^ 
nitrons air ; but the fame cork had been uftd be-: 
fene m the experimeat mth the coj^r^ 'v^ichj^ 
notwithftanding this circumftance^ had yielded the^ 
puteft sic* 

. Being detbrmmed, if poflrd>l6, to ef^aujl the 
phlog^fton ia the calx of irqii, by the addition of 
more ipirit of nitre, I repeated the procefs ; and 
ufing now a glais phial with a ground ftopper. In a 
&iid-liea^ as before, I got three ounce me^ifures 
of air, which was h^hly dephlo^fticated. A fnruU 
part of this air, however, was erldently fixed air, 
making liitte water turbid. 

The btik of the refiduum was fHll of the fame 
dark l»own colour with the ccMnmon ruft of iron ; 
0ut towards die neck of the phial a part had b^en 
fublimed of a light red colour, and above diat agaih 
was a powder of an exceedingly beautiful yellow, to 
appearance exafUy like fiilphur. 

I have not made trial of all the /emi-mefals ; hay- 
ing hitherto confined my experiments to zinc, bif- 
mutb and antimony ^ all of which yield a confiderable 
quantity of pure air by a direft procefs, bifmudi 
bebg not much inferior to zinc in this refpeft ; but 
I have not made any accurate comparifon of them. 

Putting 
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Fuding the fait formed by the fpirit of Joitre and 
bifmuth into a ^afs vefiel, and diftiUing to drynofe, 
with A £u)d*heaty . I prociH-ed from it about twenty 
timesiitsbulkof air, in the firil: part of which there 
was fome fbced air ; but all the reiiduum was pure 
dqshlogifttcatfed air, efpeciaily at the lafL 

Having poured a quantity of ftrong fpirit of nitre 
iiponTonie powder> and imall fragments oiantkncf^^ 
die whole was reduced, after fome days, to a whitUh 
fbbftance, of a pitetty thick coiififtence, without, 
yielding any air. A quantity of this folution I put 
into a gbifs veflfel,- and with a very ftrong &nd-heat 
I got from.it about ten times its bulk of air, about 
ooe third of which was fixed air, bping readily ab-^ 
forbed by water, and making it turbid, and the re*; 
m^der was depUogifticated. Towards the wd of 
the procefs the proportion of the fixed air was, as i|> 
itfual, yery fmalli «id the dephtogifticated air was. of 
thfcpu^kind . 
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S E C T I O N IV. 

Of the ProduHim of depbkgijiicated Air from the vi^ 

triolic Acid and Muds. 

AS I have been^ perhaps, more than any other 
perfon, indebted to what are commonly called 
accidents (I mean with refped to us*y for, in thege-: 
neral plan of nature, and with refpe6k to that great 
Being who condufts and appoints every thin^ there 
cannot be any fuch thing as accident) fo have I been 
very often prevented by other accidents from makr 
ing valuable diicoveries, to which I had made near 
approaches. This was remarkably the cafe with 
refpe& to the produdion of dephlogiflicated air 
from fubftances containing the vitriolic acid. For 
had I, in what I improperly fuppofed to be an expire 
rimentum crucis, made ufe of the calx of perhaps any 
other metal beiides leady on which the vitriolic, acid 
has no proper action, I could not have failed to hit 
upon what the better genius of Mr. Landriani 
brought ^ him acquainted with. Having,, as. I ob« 
ferved before, got a quantity of red lead which .was 
in a ftate to g^velitde or no air of itfelf, I got^ pure 

air 
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air from it, in great abundance, by means of die 
nitrous acid, but none at all by means of the vi- 
triolic or marine acid. I therefore concluded, that 
the nitrous acid, and not either of the other mi* 
neral acids, enters into the conlpofition of dephlo- 
gifticated, or atmolpherical air. 

It was not till after \ had made the esperiments 
before recited on manganefe, and other mineral fob- 
ftancies, that I thought of fubjefting green vitrioly 
ind other faline matters, to the fame triaK It is 
true I had tried them before; but the mediod 
was not adequate to the purpofe. And though I 
jhad even got a finall quantity of air confiderably bet^ 
ter than common air from Roman vitrioU 1 had con* 
eluded that " there muft certainly have been fomc 
"^^ nitrous acid in that Roman vitriol/' In this cafe, 
therefore, as in the experiments with mtre and 
alum, I had made a drfcovery without being fcn^ 
Able of the value of it, or indeed underftanding iti 
Kor, when I l-efomed my experiments on vitriol> 
had I any expeftation of getting from it any thing 
belides fixed air and water. However, having eve- 
ry diing at hand, a very flight motive was fufiicient 
to induce me to include this among other articles 
deftined for the fame procefs. 

In diis manner, therefore, widiout expedting the 
adual refuh, on the 24th of November 1777, I 
jput in ounce of green vitriol into a glafs veflel, and 

with 
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with afadd heat got from it, atfirft> afier thecoma 
monair wss expelled, and the vapow of thd watetf 
combined i^thit was come imx^ a little fixed air; 
then, sfer ibme interval, a large quantity of via 
triolic 4lcid air) die refiduum of which was at -firft 
hardly perceivable^ but was afierwatds coniidendslei 
and chiefly fixed air. When the refiduum was ftiU 
more cox^idcrable, I found that it was dinoinifhed 
by nitrous air. At length it had no mixture of vi^ 
triolic acid air, but was very turbid, and appeared 
to be pure dephlogiflicated air, except thai^ ac the 
laft, it was not quite io pure as before. Of dul 
dq>hIogifticalsed air, I coUefbed ten ounce ttieafures. 
What remained in the glafs veflel was fix penny-^ 
wei^ts, of a purplifh coloured odire. 

Notwithftanding this evident production of a con<^ 
fiderable quantity of dephlc^ifticated air from green 
vitriol, which is a combination of iron and die vi- 
triolic acid, I flill fufpe&ed, as in the cafe of the. 
^ornan vitriol mentioned before, that, by expofiut 
to the common atmofphere, or in fome other un^ 
known manner, this vitriol, which had been bought 
at a common fiiop, might have got fome mixture 
of fpirit of nitre* I therefore made a. quantity of 
vitridl ^fn^eif, by diflblving iron filings in oil ^vi^ 
triol, diluted with water. This vitriol, treated as 
the former had been, yielded air of all the fame 
Jkindi, and ia th(s fame proportions, as in the pre^ 

ceding 
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cedu^ experimjent; the dephlogUHcated atr^ aa 
then, being very t^ifoid^ and exceedingly pure. 
The fiift air that came over was the common air 
in the ve^l^ a litde pUogidicated. A very finall 
quantity of fixed air was ftili obierved in die refi* 
duum of the vitriolic acid air^ but none after the 
dephlogifticated air was procured 

In making the vitriol for all the above mentioned 
e3q)eriments, I had taken care that die cryftals fhould 
be formed at the bottom of a deep ^afs veffel,: fo 
as to h^e no vilible communicauon with the ex- 
tonal air i and I had alfo covered the vefiel as care* 
fiilly as I could during the procefs, and had fpent 
as litde time as poffible in conveying the vitriol fix>m 
the veflel in which it was formed into that in which 
it was to be diftilled; I determined, however, to 
avoid the fmall objection to which this trifling ex- 
pofure to the air was liable, and therefore next 
made the diftilladon in the fame retort in which 
the folution had been made, and in continua- 
don of the fame procefs, fo that all communication 
With the external air was moft efiefhially precluded 

For this purpofe I diflblved fix pennyweights 
four grains of iron in diluted Newman's oil of vi- 
triol, and diftilling to dryneis in a retort with a long 
neck, I got from it,* after the common air was ex- 
pelled, a fmall quantity of fixed air, a prodigious 
quantity of vitriolic acid air, atid likewiie alx>ut 

twenty 
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twenty two ounce mealurcs of the pureft dephlo- 
gifticated air. 

Being now lufEciendy Satisfied that pure oil of vi-^ 
trioi would always yield dephlogifticated air with 
iron, it only rem^ed to tiy whether the ochre re*- 
jiuuning from the fornac? experiment, from which 
sdr had been procured, would yield more air with 
more oil of vitriol, which is the cafe with red lead 
andipiritofnitre^ 

Accordingly, I put more oil of vitriol to this rc- 
liduum. (pbferving that it became very hot by this 
mbcture, as red lead does with fpirit of nitre) and 
then^ widh a red heat, in a glafs retort, it yielded a 
quantity of vitriolic acid air, no fixed air, buttwen^ 
ty four ounce meaflires of dephlogifticated air; whei^ 
the retort being melted^ a good deal of the air was 
neceiiarily loft i for the produce of air had not be^ 
gun to flacken when this accident happeiled ^ and 
removing the retort from the fire, I found only 
about half of the matter turned red, while the re^ 
mainder was white. From this circunnilance I con- 
cluded, that before I had not got more than half 
the air that it would have yielded. Refuming die 
.proceis in a gun barrel, I adually got about as 
much air as I had done before. 

I had not now the leaft doubt remaining but that 
the acid of vitriol, at leaft with iron, is capable of 
properly generating dephlogifticated wr, as well as 

YoL.IL L the 
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the acid of nitre with lead, or any other fubftancc 

whatevcn 

To compkte my C3tpcriments on the vitriolic 
acid aiwi iron, I took half an ounce of the common 
ruft of iron, fuch as is ufed by apothecaries 5 and 
pouring upon it a quantity of that acid, obferved 
that it imbibed it very eagerly, and became of a 
dark and almoft a black colour. Then ufing a gun 
barrel, I got from it two or three pints rf air, all of 
which was fixed air, but with a large refiduum, 
about a third of the whole, phlogifticated air. 

As the common ruft of iron contains a good deal 
of phlogifton, I did not expeft any better refolt 
from this experiment. But having, in fome mea- 
lure, purified it by this procefs, I put more oil of 
vitriol to what remained of the ruft of iron, and then 
I got from it only a litde fixed air, and fixteen ounce 
meafores of dephlogifticated air. 

Having got an indisputable produftion of pure air 
from iroJty by means of die vitriolic add, it was na- 
tural for me to proceed to fimilar experiments on 
other metalsy with the feme acid. And, in die firft 
place, I made the proper trials with the two re- 
maining kinds of vitrioL the hlue, into which copper 
enters, and the white, which is compofcd of zinc ; 
and having now no doubt remaining with refpeft to 
the purity of the vitriolic acid which enters into the 
corppofitlon of thefe kinds of vitriol, I contented 

myfdf 
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myfelf ifrith Ipccimem bought at the Ihops, and did 
not thii& it nfecefl&ry to take the trouble to compoie 
them myfclE 

From about half an ounce of blue vitriol, in a ghli 
Veflclj I got a litde fixed air> and one ounce tpea^ 
lure of dejfrfilc^fticated air. The veflel brealdng, 
I piot die materiak into a gun barrel^ and then got 
from them about twenty fire ounce meafures of de* 
phlogifticatcd air, with hardly any more fixed ain 
The grcatcft part of this air was very turbid. 

To finifh my experiments on the three vitriols, 1 
took an ounce of calcined tvhite vitriol, and, with a 
.gun barrel, 1 gttt from it a great quantity of vitriolic 
acid air, fome fixed air, with five ounce meafures 
of dephlogifticated air. At another time, from one 
ounc^ of this kind of vitriol, but uncalcined, I got 
bxdy about two ounce meafures of air,partofwhichwai 
fixed air, and part dephlogiflicated air^ not reckon- 
ing a great quantity of yitrioliC atid air, which came, 
as ufual^ before the dephlogifticated ain 

i did not think it of much confequence to my 
purpofe to go through all the metals with this pro- 
cefs> and therefore only made a trial of fuch as 1 
happened to have at hand. 

I diflblved an ounc^ of qulckfilver, purified by 
agitation in water, in pure vitriolic acid, in a green 
glafe retort. Curing the diftillation to drynefs the 
wT^ort broke ; but coUefting the materials as well 

La as 
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as I could (in which perhaps one tenth of the whole 
might be loil) I put them into a frefh retort, and, 
expofing them to a red heat> got from theni a great 
quantity of vitriolic acid air, a good deal of fixied aifj 
and about fifty ounce meafures of dephlogifticatcd 

air. 

« • • • ■ . 

During the prqiecfs the folution boiled violently in 
the form of a red liquor, while the upper part of 
the retort was coated with a whitifh fort of matter, 
i^s the heat reached this coating, it alfo became red; 
and during the whole procefs that which evaporated 
was collefted on the fides of the retort, and then de- 
fcended to the bottom, like drops of blood, or red 
ink, fo as to make a very pleaiing appearance* 
After the procels, a. very litdc reddilh matter re- 
mained at the bottom and on the fides of the retorti^ 
which, as well as that which was coUefted at the 
neck of the retort, became white when it was coB. 
Very little of the quickfilver was revived. 
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SECTION T. 

Dtpblogifiicated Air procured Jr(m 0tbir Suhftanas^ 

' contdmng vitrioBc Acid. 

FROM an ounce of calobed Mlutn^ prepared 
fome nnionths before^ I got about fix ou|Ke 
mealures of air, all quite as good as, or better than, 
common air, and without any fixed air in it. The 
procefs was in a gun barrel, and the refiduum of the 
akim lyas very . hard. This I moiflened with oil of 
vitriol, ftiU keeping it hard and dry ; and, in a gun 
barrel, it yielded again two or three Qiince meafiires 
of air, chiefiy fixed air, and at laft (bme that was 
about as good as common air. Afi:er this it was 
remarkable that this matter abforbed air, perhaps 
about an ounce meafiire in all. This I obferved 
twice, and it may be worth while to inveftigate this 
circumftance a litde farther. 

I afterwards made one experiment in order to af- 
certain the quantity of this pure air, that a given 
quantity of alum could be made ttf yield. For this 
puipofe I put one ounce and fourteeij pennyweights 
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of calcined alum into an earthen retort, and by 
means of a reverboratory furnace I extrafted fix)m 
It one hundred ounce meafures of sdr, a fmall part 
of which was fixed air, and the reft fo pure, that 
with two equiJ quantities of nitrous air, the mea-^ 
iures of the teft were i.o. 

The water in which this air was received waa 
ftrongly impregnated with vitriolic acid air. This 
air containing much phlogifton, and in a flate in 
which it can be imparted to air, was, no doubt, 
the reafon why the air in this cafe was not fo pure a& 
that which is obtained from nitre. Othen«dfc this 
'VouM be the cheapeft and beft ijiethod of procuring 
dephlogifticated air. 

CoUefting what remained of the alum, it weighed 
fifteen pennyweights, and ftill had the tafte of alum:^ 
though not very ftrongly. IVf ore heat would pro- 
bably have expielied all the acid, and coniequently 
would haye procured more dephlqg^fticated air. Alfo 
had the dr been quite pure, it would, no doqbt^ 
have been much more in quantity. * If the weight of 
the alunr, and of the reliduum afeer this proce& be 
compared, it will be found that this one hundred 
ounce nieaiures of air occalioned the lofs of oifly 
nineteen pennyweights, that is, not quite an ounce, 
of the alum, and fince the one hundred ounce mea- 
fures of dephlogifticated aii: woi|14 weigh alx>ut fixty 

fix 
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fix grains^ the W^^it of (he vitri^C acid air^ with 
which the wai£r Was impreg^ted, may be eftimated 
at fixceen pennyweights fix grains* 

Another tinie I got fixty ounce noeafures of sof 
from an ounce of alum, which is in about the fame 
proportion as in the former experiment. But it 
had been fo weU calcined previous to this procefs, 
that fonie of the air had probably been expelled ii> 
that operation ; and ftill what remained tailed very 
fenfibiy of alum. This air being examined, the 
mealiires of the teft, with two equal quantities of 
nitrous air> were 1.4. There was hardly the lead 
fenfible quantity of fixed air produced. 

It is cafy to conceive, that till any fubftance he 
completely dephlogifticatcd, it cannot yield dephlo* 
gifticated air i and it is fomething remarkable, thar 
2ired colour ftiould be the criterion of dephlogiflica- 
tion, both in the calx of iron, and of mercury* 
Accordingly, when mercury is diflblved in fpirit of 
nitre, the produce is pure nitrous air, not only dur^ 
ing the folution itielf, but alfo during the applica- 
tion of heat to the yellow concrete mafs, that isf 
formed hj die evaporation of the folution 5 and no 
dephlogSticated air is produced till the red preici-* 
pitate is completely formed. But the a^ioii of' heat 
pppn this red fubftance is always followed by tfie 
f)rodti(9:ion of pure air, a$ much a:^./rom the preqir 
pitate per fe, 
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It is alio evident from this experiment, that the 
air produced io it does not come from the atmos- 
phere, which has been conjeftured with refpeft to 
fome of the proceflfes for procuring dephlog^cated 
air J but muft have been contained ijn the ingre- 
dients, viz. fpirit of nitre. 

To half an ounce o£ quick lime, I put oil of vi- 
triol till it weighed one ounce four pennyweights^ 
when it made a hard mafs. This I pounded, and[ 
putting it into a gun barrel, I got from it, in all, . 
about ten ounce meafures of air, the greateft part 
pf which Was fixed air ; bi^t towards the laft, wheq 
the heat was as great as I could make it, in a conrw 
mon fire, urged with a pair of bellows, the refi* 
duum was as good as common air, or rather better. 
This air canie oyer very turbid. 

I concluded from rnapy experimepts on ftih^- 
ftances containing marine acid, that it 4i&^i^ 
eflentially from both the vitriolic and nitrous in this, 
that it cannot, by any combina^on whatever, be 
made to yield dephlogiflicated air, at leaft with the 
degree of heat that I was able to apply. Bu^ 
other perfons have procured it by . means of this 
acid, as Mr. Landriani, who firft iucceeded in 
this procefs, and then Mr. Bertholet. I have now 
procured this air by means of the acetous acid^ an4 
though the fa£t is but of little confequencej and the 

cxpe. 
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nperimeht was made with another vieWj it may not 
be amiis to recite the partigulanf of it 

Having mixed half an ounce of radiail vimgar 
with two ounces of c^cined whiting, I gpt from it^ 
by heat, in an earthen retort, 350 ounce meaiures 
of sur, of which about one third was fixed air, but 
more than this in the firft portions, and lefs in the 
lail. The ftandard of the refiduum in the firft 
portions was 1.66, in the iecond 1.42^ and in die 
third 1.38 ;/ which was very near the purity of com- 
mon air. The whiting then weighed 760 grains. 
I then put a quarter of an ounce more radical vine- 
gar to it, and without taking any account of the 
quality of the air, only obferved that I got i4o 
ounce meafures from it, and that the refiduum 
weighed 730 grains. After this I put to it a quar- 
ter of an ounce more of the fame acid, and got fW>m 
it 140 ounce meafures of air, of which the laft por- 
tion had in it no fixed air, and was confiderably betr 
ter than common air; but of the exad ftandard of 
it I find no note. The whiting then weighed 48^ 
grains. The air had always been very turbid^ 
which accounts for the continual lofs of weight in 
fheie procefies. 
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SECTION VI. 

OfAe ExtraOim $f depblopfticated Jir from JeDtral 

Mmaral Subftances. 

WITH iio other view than to try what Idnd^ 
and proportion of ^r, difierent fubflances 
would gtte ki a red heat, I entered upon the ex- 
amination of manganefe. Of this I procured a quan^ 
tity finely pounded i and from an ounce of it I 
gpC,, in a red fand heat^ Ibrty ounce meafures of air, 
partofwhich* in every portion, was fixed air, and 
at firH almoft wholly io ; but four fifths of the kit 
w^ die purefl dephlogiflicated air. Even the firll 
that came over, which was the common air in the 
veflel, was not in the leafl: phlogiflicated. The 
pianganeie had loil one pennyweight and a half 
of its weight, and was not to be dlftihguifhed in 
colour (which was black) from what it had been 
before. A confiderable quantity of water came 
over during this procefs. 

That manganefe fhould give fixed air did not 
at all furprize me ; fince there are few earthy fub- 
fbances that do not contain more or lefs of it i but 
I did not at all expeft the dephlogifticated air $ as, 

I before 
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|)e£br€ I had ii^stgined that the nitrous acid was 
pecdSuy to ^ prodii^n of itj or at kafi: the 
Ifi&mmt of the atmoj^here, which I fuppofed mighc 
depoiit the acid that entered into its compofitionx 
and which I concluded to be the mtrous. On the 
contrary here was pi&re air from a fubftance which, 
£br any thing that appeared^ had always been in 
the bowels of the earth, and never had had any com-* 
miinicadon with the external air^ and yet it ex- 
aftly refembkd rid leady both in yielding fixed sir, 
and dephlogifticated air ; and it is known that red 
l(ead, like the precifit^e fcr Je cannot be made but 
}n contad with thie open air. 

I next made trial of ibnoe laps cal^mnarisy firft 
pounding it very finely, then pmtting an ounce of it 
into one of the finall long necked retorts already 
icnentioned, and with a red hot fand heat I got 
ipt>m it 306 ounce meafures of air ; and making 
allowance for the lols of air in changing the veiiels 
lip. which I received it, &c. I believe I may ftate 
1^ whole prQd^ce' at 316 ounce meafures, the 
whole of which was fixed alr^ except four ounce 
roeafuiesi and, what I did iK)t at all expeft, the 
cefiduum, after the fixed air had been extra(5ted 
/[{pm it by water, appeared to be nearly as good 
9& common, air. For one meafure of it and one 
^ mfom- ak occupied the ^ace of one meafuro. 
' and 
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and a quarter. Had the proper refiduum of fixed 
air been well extraded, the remainder would pro- 
bably have been dephlogifticated air. What re- 
mained of the lapis calaminaris weighed thirteen pen^ 
nyweights fix grains^ and had a lighter colour than 
before, This produce of air I took at difierent 
times^ but the refiduum of the laft portion was btit 
little better than that of the firft. 
i Spirit of nitre made no effervefcence, and pro- 
duced no heat^ in mixing with the lapis calaminaris. 
It alfo made no change of colour in it, and a very 
litde of the acid was fuificient to make it ienfibly 
moift J in all which relpefts it differs very remark- 
ably both fmm red lead, and from manganefe. 

I next proceeded to the examination of the 
mineral fubftance called wolframy from the mines 
of Cornwall. This I pounded, dpecially the black 
part of it, and treating it, in all. relpefts, as 
J had done the lapis calaminaris, I procured 
from an ounce of it, not more than about an 
.ounce meafure of air, a litde of which was* fixed 
air, but the remainder was about the ftandard 
of common air. It required a great aad long 
continued heat to extra6t this air, and I had ntzxlj 
defifted from the procefs before any of it came. 
After the procefs the wolfram was, to all appear- *^ [ 
ance, the fame as before. Perhaps a greater degree 

of 
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of heat, in veffeb proper for fuftaining it, would 
have produced a greater quantity of air. 

Tb^fe experiments fuggefted to me that, poflibly, 
the cxpulfion of dephlogifticated air from thefe, 
and other mineral fubftances, might aflift in fuftain«- 
ing fubterraneous fires. For phlogiflon fet loofe 
in the diflblution of all bodies by ignition muft be 
received by fome other fubftance, as it is not a 
thing that, as far as we know, can exift, except in 
combination with other fubftances ; and we do not 
know of any thing that can combine with it fb 
readily as air ; and therefore we find that nothing 
can bum but in contaft with air, and with change 
ofair. 

When, indeed, phlogifton is fet loofe in the pu- 
frcfaftive procefs, air is not .abfolutely neceflkry. 
For, in that cafe, it may be communicated to 
water, and probably to other fubftances fluid or 
folid. It does not, therefore, certainly follow, that 
there can be no combuftion without air, though it 
be probable ; becaufe phlogifton may be able to 
cfcape without the help of air in one way, thou^ 
not in another. The folution of the phenomena 
of fubterraneous fires would certainly, however, be 
much eafier on the fuppofition of their fupplying 
dieir own pabulum^ by means of dephlogifticated 
air, contained in fubftances expofed to their heat 

I there* 
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I therefore dcfired Mr. Lanctiani, ^vho, being in 
Italy, had a good opportunity of malcing inquiries 
on the fobjeft, to infbrm me whether any of thofe 
fobftances, and parricularly manganeje^ be found 
in their volcanos 1 and his anfwcr makes it i^thcr 
probable that thofe fires are, in part, fuftained by 
this means. The cxtraft of his letter, tranflated 
from the Italian, is as follows, 

** With reipeft to what you defire to be infbrm- 
^ ed o^ concerning the volcanic produSlionsy ther6 
^ is found in the zolfatara of Pozzuolo a great 
** quantity of mart id vitriol \ but I do not know 
** that there is any manganefe, or lapis calaminaris, 
*' found there. The Abbe Fortis, who has lately 
** examined the extinguilhed volcano of Verpnai 
^ afiirres me that, belides martial vitriol, he has 
** found a* quantity of manganefe there. Sig. 
** Volta, having repeated the eicperiments that t 
** comitiunicat«l to him, has lately informed me^ 
** that he has found dephlogifticated air in calcined 
•* rocbi dumy a fubftance which is found in great 
** quanrities in all volcanos j fo that it is out of 
^ doubt, that fubterraneous fires are continually 
•* fed with dephlogKticated air, diflodged frotti 
<* fubftamces proper for fupplying it.** 

It is very probable, that other mineral fubfta^nces 
may contin dcpftlogifticated air as well as thefej 

and 
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and it is certainly very well worth while to add this 
procefs to the chemical analyfes of them. Whether 
the fubftance be converted into air, or whether it 
contain the air, in a condenfed or. combined flate^^ 
like fixed air in chalk, it is ftill of importance tt> 
know what kind of air they may be made to yiel4 
by heat; and in time we may be able to afcertain 
the true origin of fuch air. 



l^ARt 
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PART II 



OF THE PROPERTIES AND USES OF DEPHLOOIS^ 

TICATED AIR. 



SECTION L 

' Of Cmbufiipnand Reffiration in dephhgijlicated Alt* 

I Have not made many experiments on the mix- 
ture of dephlogifticated air with the other kinds 
of air, becaufe the analogy which it bears to com- 
mon air is fo great, that I think any perfon may 
,know before-hand, what the refult of fuch experi- 
ments Would be. It is pleafing, however, to ob- 
ferve how readily and perfedtly dephlogifticated air 
mixes with phlogifticated air, or air injured by 
reipiration, putrefaftion, &c. each tempering the 
other; io that the purity of the mixture may be 
accurately known from the quantity and quality of 

the 
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the two kinds of air before mixture. Thus, if one 
meailire of perfefUjr noxious . air be put to one 
meafure of air that is exa£Uy twice as good as com* 
mon air, the mixture will be about the ftandaixl of 
common air. 

I obierved alfb, in making this experiment, that 
after mixing one meafiire of each of thefe kinds 
of air, they made exiaddy two meafures ; fo that 
there was neither any increafe nor diminution of 
quantity in coniequence of the mixture, as is the 
efie£i: of mixing nitrous air with either common or 
dephlc^ifticated air. 

It may hence be inferred, that a quantity of very 
pure air would agreeably qiialify the noxious air of 
z room in which much company jQiould be con* 
fined> and which fhould be fo fituated> that it could 
not be conveniently ventilated ; fo that from being 
ofienfive and unwholefome, it would almoft in- 
ftandy become fweet and wholcfome. This air 
might be brought into the room in caiks j or a la- 
boratory might be conftrufted for generating the 
air, and throwing it into the room as fail as it 
ihould be produced. This pure air would be fuf- 
fidently cheap for the purpofe of many affemblicSi 
and a very litde ingenuity would be fufEcient to 
l^educe the fcheme into pradtice. 

My reader will not wonder, that, after having 
afcertained the fuperior goodncfs of dephlogifticated 

Vol, II; M air 
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air by mic^ living in it, arid the other tefts abovc^ 
mentioned, I ihould have the curiofity to tafte )a 
pnyfelf. 1 have gratified that curiofity^ by hreadM 
ing ity drawing it dirough a glai& fyphon, and^ by 
this meansy I reduced a large jar full of it to the 
ftandard of common air. The feeling, of it to my 
lungs was not fcnfibly di^rent from that of coiHrr 
mon air ^ but I fancied that my br^ifl: felt peciK 
liarly light and eaiy for ibme time afterwards. Who 
can tell but that, in time, this pure air ntay be« 
come a faihionable article in luxury. Hkherto> 
only two mice and myfelf have had the privikgia 
of breathing it. .' ' " 

. Some of my friends have exprcflfed a little! doubt 
about the certainty of the teflr of nitrous air, aa ^ 
meafure of the wholefomenefc cf rclpirable air in 
general^ and of dephlogjfticated air in particulai:. 
To this I can only fay, that every thing I have yet 
obfcrved leads me to depend upon the accuracy of 
this teit, with refpedt to dephlogifticated as well 
as common air; and, according to what I ibould 
think to be the faireft method of computadoi^ ^-i 
phlogifticated sur ferves even longer for rei^iration 
than> from this method of examining it^ I • ihould 
have conjedturcd a priori. 

The moil natural method^ as i fhouldi thkk» 
for eflimadng the purity of air, and. thci^by judg- 
ing of the time that any given quantity of it would 

- . . foffice 



SeS* L DEPHLOGISTXCATSO AIIU |6j 

iu6ice fer the pjrpoTe of refpiradon, would be t^ 
find tfae quality of phlo^on that is requtitd.Xd 
iaturate it, or which tomes to the &me jtkiiigi' ^ 
quantkjr of lutriyus air that is reqt^red to bring i| 
to. the ftate of perfe^y f^ogifticated air. .B^;;^a 
moufe will live much longer in a given quantity 44" 
dephlogtfticated sur^ than in this proportion, vfith 
reipeft to common air; owing, I iuppofe, t6 thd 
animal not throwing out equal quantities of phlo.^ 
pAixi in equal times, but much kfs at the laft^ 
when the vital powers are languid, than ,at the 
fiift. . 

. I have a gla& veilel which I have nude ufe of 

in all' my experiments with mice, from the begin-* 

jng cf tny reiearches into this flibjeft, a confider^ 

able tiffie before I had difcovered nitrous air. In 

this vefiel, which was a tall beer glafs, and 

which holds about two ounce meaiuies of air 

,when a moufe of a. middle fize is confined in it, 

I never knew it to live longer than half an 

hour, and in general they have not furvived twenty 

mimioes. Suppofing, however, the full time for 

SL moafe's breathing the common air contabed in 

this vefiel to be lialf an hour, I fhould not havt^ 

cxpedied that a fpedes of air which required only 

fimr iimes as ittuch nitrous air to &turate it, would 

iuffice &r tfae refpiradoii of tfae fame aninnial more 

^tfaan four times as long ; and therefore that In this 

« - , M 2 veflel 
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veCki of dephlogillicated air^ which at a medlvun 
ftquiresf abotit diat proportion of nitrous air to 
&turate k, . a moufe might live about two hours. 
But I believe that mice in general will live con- 
fiderably longer in that quantity of dephlogillicated 

air. ' ' ■ ■ 

. 1 lately put a young :moufe into that very veflcl, 
filled with dephlc^ifticated air, fuch as when mixed 
with two equal quantities of nitrous air, the meafures 
pf the teft were a 5 5. It continued there near three 
fuU hours ; and being taken out alive> the air was found 
to be fo far from being phlogifticated, that it was ftill 
confiderably better than common air 5 for, with an 
equal quantity of nitrous air, the meailires of the 
teft were 1.05. Perhaps this moufe being lai^ic^ 
in confequence of its confinement, did not phlo* 
gifticate the air fo faft as it would have done had 
it been more vigorous. But then this may irj 
general be expeded to be the cafe with all mice^ 
in the fame fituation. 

I once obferved, that I could never make mice 
Jive in dephlogifticated^air till they had completely 
phlogifticated it, and I could not, at the time of 
writing that article, aflign any fufficient re^n for 
the fad. Being unwilling to leave this difficulty 
vnfQlvQd, I repeated the experiment; and putting 
a vigorous moufe into about ten ounce meafores 
of this air, it continued fome hours feemiQgly at its 

eafc. 
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cafe, but died while, the air wasrfix pune^ that, with 
two equal quantities of nitrous «ir/ the • meaferes of 
the tcft were confidccably lefe than t,o- i ■ "' , i 
I then put anothfor young, mottfe jrito: the- rc^ 
mainder of the air> and it aUb .:cc!^tinued at. its cafe 
two or three hours ; but then feemed.to be expiring, 
its refpiration bchg very languid; and ^fo. floi*, that 
I fevoal times concluded it was abfolutely dead 
I did not at firft fufped f!hat it cotjld.be afFeded 
by coldy when other mice lived very' well in a wire 
cage in the fame room; for it. had foon become 
quite dry after pafling through the water, and had 
never fliewn any fign of uneafinels. But bringing 
it near the firei when the heat was about eighty or 
ninety degrees (though I removed it pccaliohally 
when it feemed to be uneafy on that account) it 
lived feveral hours longer, and whtn it died die 
air was as completely phlog^ilicated . as icommon 

air is generally found to be when mice havi died 

• • ... 

m It. 

. This experiment fiilly latisfied nrie, that it was 
nothing in the dephlogifticated air itfelf that was 
the reafon that mice could not live in it. I 6b- 
ferved before, that a moufe is a tender animal, and 
^fter pafling through water, requires a confiderable 
degree of warnqdi i but I did not fulpcft that k 
required fo much, and liich a continuance of it, as 
I found in this particular cafe. ' I 

M 3 I eafily 



;i£6 t)BsiiivATiOTri 't)if ^ PariJL 

i I e&fily x^e^red that inflammable air Svould 
:c9cplode vath tnott violence, and a louder report^ 
by the help of dephl6gifticatcd than of "common 
w ; but the effcft &sf exceeded my ej^peftatibns, 
imd it has never felled « to furpriafe every pcrfon be- 
^re mdiom I have niadc the experiment 
J i il Afiatiimable air ii^quir^s about ' t99o thitxls of 
i»mmpn air :tb make it e^lbde to the 'grcattft ad- 
Jiwitigeviahcl^if a?iphjal, containing about an ounce 
Ofricaferc iarid a half/ be ufed fctf* the experiment, the 
-ex^dofibn wit& cbnimon air will be fo fmall, as not 
«a be^ heaid ' fefthcr than, perhaps, fifty or fixty 
fards ; but^ with little morie than one third of highly 
•dephlogifticatcd air, and the reft inflammable air, 
iti the fame phialy the report will be almoft as loud 
lis' that of a ihiall^ piftoi 5 being, Co judge by the car, 
not lefs thaiv forty or fifty times as loud as with 
fCXMnmon air. - * 

t ..The oHfice -of the phial in which this experiment 
is made, fliould not much exceed a quarter of an 
.ifnch/and the jrfiiar fliould be a very ftroi^one^ 
iOthepwifc it will certainly burft with the explofion* 
Theirepercuflioh'is very conflderable ; and the heat 
^oduccdiiy the explofion very fenfible to the hand 
that iiolds it. I have Ibme times amufed mj^lf 
rwith ' carrying in my pocket, phiak thus charged 
Arith a mixture of dephlogifKcated and inflamma- 
\)k air, confined either witk xx)mmon corks or 

^ ground 
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ground Aappcts, and 1 have perceived no difier- 
TOcc in the explofi<yi| after keeping them a long 
dme, and carrying dxem to any diftance. 
' The dip{mig of a lighted candle intb a jar SUfsi 
.widi dephlogifiicated ar is alone a very beitiuflil 
cscperim^* The ftrength and yi^acicy of the fian^^ 
is ftrikii^ and the heat produced by the Same in 
thefe circumftandes is aUb remarkably .great* 3ut 
this experiment is more pleafing, when the m ^ 
only little more than twice as good as common air ; 
^r when it is hi^y dejMogifticated^ the c^ndte 
ixims with a crackling noiie, as if it w^as full -of 
ibme caombuftibk matter. 

.. It may be inferred,, from th^ V&ry great eKpIo<- 
iioms jnade in dephlogiflicated air^ that, wer^ it 
^fl^e to fire gun^powder in it, kfs than a tenth 
|»rt of die chatge* iii all caies, would ftifHce^ th^ 
ibrce of an b^plofton in this kind of ^ir, far exceed^ 
ing what might have been expefted from thd pUrity 
of it, as ihewn in odier kindp of trial But t do 
^ot fee. how it is pollible to make this applicad(){i 
of it* 1 ihould not, however, think it difficult to 
coitfine gun-powder in bladders, with the in^n- 
Aices of the grains filled with this, inftead of comr 
rmon air 5 and iuch bladders of gun-powder mig^ 
^rhaps, be u&d id mines, or for blowing up rock^ 
4n digging for tnetals, &c* :; 

i" - . . ■ * . . ...'•■ 

s . ]-j M 4 Nothing, 
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Nothing, however, would be eafier than to aug- 
ment the force of fire to a prodigious degree, by 
blowing it with dephlogifticated air inftead of com^p- 
mon air. This I have tried, in the prefence of my 
friend Mn Magellan, by fillbg a bladder with i^ 
and puffing it, through a fmall glais tube, upon a 
piece of lighted wood.; but it would be very ealy 
to fupply 9, pair of bellows with it from a large 
relervoir. 

Poffibly much greater things might be efTedsed 
by chemifb) in a variety of relpefts, with the pro- 
digious heat which this air may be the means of 
affording them. I had no fooner mentioned the 
tJifcovery of diis kind of air to my friend Mr. 
Michell, than this ufe of it occurred to him. He 
oblervcd that poffibly platina might be melted by 
means of it. Thefe conjeftures have been abxin- 
dantly verified by the experiments of Mr. Lavoifier 
^d others. ^ 

From the greater ftrength and vivacity of the 
ilame of a candle, in this pure air, it may be con* 
jedured, that it might be peculiarly lalut^y to the 
lungs in certain morbid cafes, when the common 
-a^j? would not be fufficient to carry off the phlo^flic 
vputrid effluvium fall: enough. But, perhaps, w€ 
omay alfo infer from thefe experiments, that diough 
pure dcphlogifUcated air might be very ufeful as a 
mdicint^ it might not be fo proper for us in the 

ufual 
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ufual hedthy ' flate of the body ; for^ ^ a caitelk 
bums out much fiifter in dq>hlo^fticated than ia 
common air, fo we mighty as may be laid, Woe out 
toofafty and the animal powers be too foon ex^ 
haufted in this pure kind of air. A moralift, at 
leaft, may fay, that the air which nature has pro- 
vided for us is as good as we dcferve. 

Whether the air of the atmofphere was, in re- 
mote times, or will be in future time, better or 
worfe than it is at prefent, is a curious fpeculation j 
but 1 have no theory to ens^ble me to throw any 
light upon it. Philofophers, in future time, mxf 
cafily determine, by comparing their obier^tions 
with mine, whether the air in general preferves the 
very fame degree of purity, or whether it becomes 
more or lefs fit for refpiration in a courfe of time ; 
and alio, whether the changes to which it may be 
fiibjeft are equaUe, or otherwife i and by this means 
may acquire data^ by which to judge both of the 
paft and future ilate of the atmofphere. But no 
€>bfervations of this kind having been made in 
former times, all that any perfon could now ad* 
vaoce on this, fubjeft would be litde more than 
random conjefhire. If we might be allowed to 
6^AntMy judgment from the length of human life 
in different %gff^i which feems to be the only datum 
jthat is left us^j^r ;diis purpofe^ we may conclude 

that. 
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iHk, m genoial, the air of the amrtilpheit has^ fyr 
many ages, prcftrved the. fame dtgrce of purity^ 
This datum^ howerer, i$ by no mcMs, fufiicient 1^ 
an ^Qcurate lolutsoQ of th^ problem^ 



SECTION II. 






• Off be very grea^ Purify ofpme defhh^kated 4ir. 

IT appears from my firft obfervations on the pro- 
perties of dcphlogifticated air, that> in gencral,that 
when two equal meafures of nitrous air are mixed 
Hvidi one mcafiire of it, the whole is reduced to half 
a meafiire, and fometimesj "vrfien I thou^t it pe^ 
cuKarly pure, to one fixth of a mfeafore. I- havt 
fince, oft one particular occafion, produced this kind 
of isiir iii a ftate of fo much greater purity as appeared 
very extraordinary to ntyfelfi and 1 doubt not will 
be diought fb by odiers. • 

Having, for a purpofe that has been mendbliSd &I 
the account of my obfervations on fitted ak, kept a 
folution of mercury in. fpirit ^f *wtre for feveral 

months. 



in€irtths> ink pbM irith i greslndAbppdr,':! put it 
into ^n«tbrt ndtU ]» long neck, and, in a fsfnd Keat, 
itceivcd in the fiift phure, the iniwote air it yiekj^^ 
aixi then without i«iipvmg d« retdtt fronnr the fird, 
ihe (iephiogifticatsed air. Ufing both the nitrous and 
dei^ogiflicated air of the fame produce, I ob&rved 
ihat two meafurcs of the former and one of the lat- 
ter diixed together, occupied, afiien the cffervefcericc 
.was <frer> the ipace of no more than three . hundred 
partspfameafTii^. 

: It: was imjpQlfibte for rtie to be mUbafc^n with/re^ 
fpe<5t to this itmarkabie fk£t ? for the tube in wHdi 
I meafured the rcfidu^nrj was" fa long, in proportion 
U> the capacityi.of the phial' which I uied as a mea^ 

« 

^iurej that a JiOndfedtit par|: of :a meafure exceeded 
the eighth rof 4r\ indiu Repeating the experimcnC, 
I fi^und that twomea&ices of citrous air were radier 
more than iufficient to laturate one meafure of the 
dephlogifticated air ; fo that, poflibly, had the for- 
mer experiment been made with more pircumfpec- 
tion, the diminution, ^extraordinary as it was, would 
have been fomewhat greater. Indeed it cannot be fup- 
poied, that exaSly two meafures of nitrous air ihould 
be the precife quantity that would produce the 
greateft diminution. It ihould alfo be confidered, 
that a fmall portion of air might be yielded by the 
watf r in which the experiment was made. 

Upon 
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Upon the whole^ therefore^ I am inclined to thiidc 
that^ Were it poflible to make both the nitrous ai^ 
depMogifticated air in the greateft ' purit^i and then 
to mix them in ibme exa£fc propomon, the aerial 
forai of- them both would be entirely deftrbyed,^ the 
whole quantity ieeming to difappear, as in- the mix- 
ture of alkaline and acid air. But whereas a white 
faline fubftance is the immediate vifible reiidt of thk 
mixture, there is ho.vifible produce from the other, 
the whole, whatever it be, being diflblved in the 
-water ; fo that» this would probably be the more 
ftnking phenomenon of the two ; and the mixture 
of acid and alkaline sur never fails to excite a good 
deal of aflonifliment, eipecisdly when they are pre- 
vioufly made, and contained in feparate veflels, 
and then fuddenly mbced together, by transferring 
them from one veficl to another in a trough of quick* 
filven 
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SECTION IIL 

Of procuring depblogifticcUed Jir in large ^anttttes, 

and eJ^eciaUy frtm Nitre. 

IMAGINING that the difcovcry of dcphlogifti- 
cated air might prove a very ufeflil one, if a 
quantity of it could be made very cheapo as it would 
be cafy enough to contrive methods, by which it 
might be breathed, provided it Ihould be thought 
advifeable, in certain morbid ftates of the lungs and 
animal fyftem ; I have had various fchemes for pro- 
ducing it in large quantities, by cheap proceflles j 
but none that 1 have tried have as yet anfwercd, I 
do not, bowever, defpair ; and fome perlbn of a 
happier invention, giving that attention to the fub- 
jeft which it feems to deferve, may be more for- 
tunate. 

The cheapeft method of procuring dephlogifti- 
cated air in large quantities that we are yet acquainted 
with, is to extraft it from nitre by means of heat ; 
and in general no more has been got from an ounce 
of nitre than about loo ounce meafures of air. The 
reaibn of which has been, that, in order to get it 
pure, gkfs vejfels have been ufcd i and ^fter a part 

of 
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of the acid has been expelled, the remaining alkali 
has difTolved the glafs, and the procefs has of courfe 
terminated. But by means of Mr. Wedgwood's ex- 
cellent earthen retorts, I have been able to get iuch 
quantities of this air from nitre, as to myfelf, and 
all my friends, appeared very extraordinary. 

From two ounces of nitre, in an earthen retort, and 
with an intenfe white heat, railed by fuch a furnace 
as Dr. Black has conftnifted, I got at firfl five huiv 
dred ounce m«alures of air, the whole confider^bly 
dephlogiiHcated, and with very little fixed air. 
With the firft p-oducc the meafures of the teft were 
0.7 i but the laft part of the produce came Aowlyi 
fnd the meafures were 1.3, which fhews t^ th^ 
air was confiderably injured by Something in the re* 
tort. For the air procured by this procefs in gla& 
is nriore pure, the meafures of the teft being gei^e^ ' 
rally lefs than 0.5. , 

^ What remained in the retort was a dark green or 
blue fubftance, extremely acrid to the tafte, and deli- 
quefcent, weighing, when it was taken out c^th^ 
retort, about eighteen pennyweights, .. The air 
would have weighed about thirteen pennyweights, 
and the water of cryftallization, which is e^hteen 
parts in 1 10 of the water, fix penny weights ^ and a 
half, fo that three pennyweights remain to be ac- 
counted for of the two ounces. This laft was,, in 
part, an acid mpour diffufed through the air, and 

not- 
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jAot incorporated 'wkh it; for wheiiever I eippcidd 
any of the veOcb of this air, I pawiycd a very pun- 
gent fmelL Part of the lofs aHb was the whise cUudf 
with which the air was ofben filled when it was pro- 
duced* 

From the fame quantity o^fwrifiid niire, in onq 
rf Mr. Wedgwood's retorts, I gc* 787 ounce med- 
fares. The air procured in this manner is never of 
ihe pureft kind j and the ftandard of this, from At, 
&rft to the laft, with two equal meafures of nitrous 
air, was only 1.25. I condu(3^ed this procefs fo 
that the air was very little turbid, and yet there 
was fbmething acid -difcovered by the fmell in every 
portion of it. In another procefs I got 756 oynco 
meafures of air, and the retort was diiTalved before 
the procei$ was completed. But the largeft quan- 
tity that I ever got from two ounces of nitre was 
812 ounce meafures, and this was purer than any 
I had got before in this way, the ftandard of die 
greateft part of it being 0.95, though at the very 
laft 1.5. In all cafes I have obferved, that the purer 
the air is, the greater is the quantity. For it can 
only be rendered impure by feme phlogiflic matter 
uniting with the purefl part of it, and forming, ir[ 
many caies, as Lam inclined to think, phlogifticated 
air. In this experiment the lofs in the nitre was, 53 r 
grains. The air would have weighed forr^t^ing 
more thap 487 grains, lb that more than one half 

I of 
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of the ^ight^^ the nitre was reduced to the form 
of air ; and there remained thirty fow grains for the 
water of cryftallization, &c. 

In thefe cxperimeijts it was a matter of fomc con-^. 
fequence to determine whether any acid remained in 
the nitre after all the air was come over j and as the 
vitriolic acid has a ftronger afiinity with the bafe of 
the nitre, there appeared to be no better method of 
detc;rmining this, than to put oil of vitriol to it, and 
endeavour to make nitrous acid. Accordingly, in 
the former proceffes, I had always been able to get 
nitrous acid, or nitrous air, from what remained of 
the nitre, after the dephlogifticated air was expelled 
from it. Thus from half an ounce of the faline 
refiduum which remained from one of the preceding 
procefles, I got nine ounce meafures of nitrous 

^r. 

To thefe circumftances I gave particular atten- 
tion in my future experiments. To that which re- 
mained of the laft mentioned experiment, in which 
I procured 812 meafures of ai/ from two ounces of 
nitre, I put oil of vitriol and water. But though it 
Was expofed to heat till the water was diftilled over, 
I did not get half an ounce meafure of air more than 
the veffel contained ; and this was dephlogifticated. 
Confequendy, all the nitrous acid had been expelled 
from thb nitre. 



The 
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The colour of the alkaline matter to which the ni- 
tre was reduced in thefe earthen retorts, was a deep 
green, owing, perhaps, to fomething of the earth in 
the retort 5 for in a porcelain veflcl, I, at one time, 
had it perfeftly white. 

At Mn Watt's requeft, I endeavoured to afcer* 
tain the quantity of acid that was expelled from ni- 
tre, in procuring the dephlogifticated air from ic 
To do this, I put two ounces of purified nitre into 
a glals retort, and receiving the air' in 300 ounce 
meaiures of water, only filled each recipient half 
full, and agitated the air very much in the water, 
in order to make the water imbibe as much as pof- 
fible of die acid that it contained. . However, not- 
withftanding this agitation, every veflel of die air re- 
tained a llrong fniell of ;he acid. 

L afterwards examined a portion of this water, by 
expelling air from it, and did not fiod it to contain 
more air than water generally does, but what I did 
get froni it was confiderably phlogifticated. 
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SECTION IV. 

« 

0/ the Wlnte Matter depoftted in the Produ£U(m^ 

defhhfffiicaied A^r% 

IN the rapid produ£bk)n of all kindjs ofdr from 
earthy materials, I have fiequently obferved 
that diere is a quantity of fuperflucais white matter 
riepofited in the cold water in wUch it i^ received. 
This earth feems to have been held in foludon in the 
air while it was hot, becaule it was dien quioe tranf* 
parent, and did not become turbid till it was cool t 
and this was One reaifon why I once thou^t tiiat an 
eardi is the proper bafis of aU fiich kinds cf air» 
For if ibme earth becertainly hdklin a proper ibhi^ 
tion, fo as to make 4 confticuent part of the air 
while hot, as its tranj^iarency feems to prove^ and 
it be only depofited b| eddy fome of the earth mui^ 
I thought, be f@(ainedE^lt in every degree of hea^ 
and there%& in the temperature of the atmo^here. 
And perhaps no degree of cold caif n^^rive it of all 
thi earth that it contains^ If it ihould, I fhould 
l^lyive imagined that, as nothi'ig but the acid principle 
%oukl xemam, it wpxild then^ like anypther add 

4 
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iTj bwomc Bablc to be immediatdy abfctfbed by 

Thi^ earthy matter when incorporated with the air, 
I fm^tginad to be then the fame things from whatever 
fubftatK^ the air had been prodiiced, bcii^ di'. 
veft^ of every thing that was peculiar to the fubftance 
from which h had been expelled 5 juft as the acidifymg 
frinci^ m the compofnaon of dephlogifticated air, is 
ptdb^iAy the GaxA thin^ whether the air had been 
produced from materills containing fpirit of nitre, 
tf oil of vitriol. If this reafoning be true, we fhould, 
I tho^ht, be m poifefiion of a method of obtaining 
t truly frimitkve tartb^ or an earthy principle com- 
tMtk to att eardis, and all metallic calces whatfo- 
ever, fince dephlogifticated air may, as I had fhewn, 
be produced from them all. The following obfcr- 
vftttons, however, may perhaps lead to a contrary 
conciufior^ or,! that earth depofited from dephlo- 
^iticated air produced from different materials, has 
not, in all relpedts, the fame properties. . 

Having collefted fome of the white powder dif- 
fiifed through a quantity of dephlogifticated air, 
procured from minium and fpirit of nitre, I obferv^ 
ed that when it was dry, it was of a grey colour, 
and that it was not, at leaft immediately, alfedted 
by fpirit of fait. When it was heated in a glais 
tube, by means of the flame of a candle and a blow- 
pipe> it fumed copioufly, and covered die infide of 

: N a thje 
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the tube \^ith a white fubftance.; that which was 
not fublimed becoming black. When it was Ijud 
upon a red hot iron^ it fnnioked very much^ and 
became of a brown colour. ^ But in none of its forms 
was it quickly afFeftcd by Ipirit of fait, though after 
twelve hours this acid did acquire an oran^ colour;^ 
both from the black and the brown matter. 

At the fame time I had by me a quantity of 
white matter which, as I believe, had been colle6l:ed 
in a fimilar manner, when I procured dephlogifti- 
cated air from red precipitate j but having loft the 
label, I could not be abfolutely certain. This mas- 
ter was perfeftly white when dry, and bore a red 
heat witliout any fenfible change, nor was it afFefted 
by fpirit of fait. 

I once coflefted a quantity of this iubftance, and 
found that it continued in the fonn of a white pow- 
der. It made no cffervefcence with ^irit of nitre^ 
but feemed to be in part, though not wholly^ dif^ 
folved in it. 
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PART III. 

MISCELLANEOUS OBSERVATIONS RELATING TO 

PJPHLOGISTICATED AJR, 



t ■ ! I 



I. Of the Detonation of Nitre, 

THE difcovery of depblogifticatcd air throws 
great light on many very important fafts in 
chemiftry, but upon none more than upon that 
very difficult and ftriking one, of the detonation of ni^ 
prey concerning which the moft improbable con- 
jefturcs had been advanced by the moft ^minent 
philofophers and chemifts. . This detonation is the 
iudden inflammation produced by the contadl of var 
rious iubftances containing phlogifton and nitre^ 
^hen either of them is red hot. The hypothefis 
jhat has been thought the moft faqsfadtory is that of 

.N 3 , Mr, 
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Mr. Macquer, who fuppofes that, in thefe circum- 
ftances, an union is formed between the pure nitrous 
acid and phlogifton, fimilar to that ^yhich is formed 
between the vitriolic acid and phlogifton in the com- 
pofition of fulphun Ht therefoire f\^pofes that, in 
this cafe, a nitrous fulpbur is formed, and that this 
fubftance is of fo inflammable a nature, that it cannot 
cxift a moment without aftual ignition. 

But I would obferve that, fuppofing this hypo- 
thetical nitrous lulphur to be adbually formed, yet if 
it refemble other combuftible fubftances, the vitri- 
olic fulphur for inftance, or any other whatever, in 
a property that is common to them all without ex- 
ception, it cannot be inflamed but in contadt with 
air I which, according to conclufions clearly drawn 
from my experiments, and all other obfervations, is 
laturated with phlogifton by the procefs, and when 
Saturated can take no more, let the lubftance that is. 
heated in it be ever fo combuftible 5 and confequent- 
ly, in thofe circumftances, all inflammation muft 
be impoflible. Whereas Mr. Macquer acknow- 
ledges, that this nitrous fulphur is capable of the 
moft violent inflammation in the clofeft veflels^ 
where there is no accefs of air, and it is well known 
that compofitions of gunpowder are made to burn 
even under water. 

Now the doftrine of dephlogifticated air fupplies 
the cafieft folution imaginable of this very difficult 

phenomenon. 
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pbenomenon. For it appears t&t the nitrous 
add cannot be heated to. a certsdn degree, 
widiout produdt^ dephlogifticafied air; by die 
help of which all combirftibk fubftances bum 
with the greateft violence, much more than 
they can be made to bum with in conunon air. 
Here then, I iuppofe that the moment the acid 
of nitre, contauned in the nitre, and the earth 
of the coal, for cxmnpk» thrown into it be- 
come red hot, in conta£): with each other, dephlo* 
gifiieated air is produced y and in this air the re- 
mainder, of the charcoal, being likewife red hoc^ 
bums wkh the violence that is obfervable in the 
operkneat; while, at the fame time, other por- 
tions of the nitrous add are formmg more dephlo- 
gifticated air$ and thus the detonation continues^ 
tin alt the charcoal, or all the nitre, is confumed ; 
the acid not being hjiy as fome .diemifts exprefi 
it, but enterii^ into the compofidon either of the 
dqphlogifticated air, or of fome other kind of air^ 
that may be generated in the proceis. 

Let usf per£bn but attend to the phenomena of 
the detonation of charcoal in nitre, and that of the 
dipping a piece of hot charcoal into a jar of de« 
fdilogifticated air, and I think it will be impoflibk 
ibr him- not to conclude that the appearances are 
the very iame^ and xnuft have the fame cauie» 

N4 Thc^^^ 
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There is the fame intenfe incandefcence, and the 

ikme rapid confumprion of the charcoal in both 

•caies ; and this is evidendy owing to theeagcmcfs, 

as I mzy lay, with which this ipecic$ of air, the 

•moft free from phlogifton . itfdl^ : 'ieizcs upon. Ac 

pMogifton of other bodies, in a iufficient degree, of 

Jheat. Such appearances cannot be produced ih 

common air, which, being more than half faturated , 

with phlogifton already, can take but litdc more 5 ! 

and theripfore, to .produce an appearance any thing 

rtfembling them, we are obliged to fupply the fire 

widi a current of frefh air thrown into it by bel* 

lows. But fupplying a fire in the lame manner 

witji a current of dephlogiflicated air, which I hav6 

fometimes done, has a moft aftonifhing efFed of 

th© fame kind. 

. I Ihall conclude this article concerning detona* 

tion, with an account of a very ftriking experiment 

that I made -with Hdmberg*s pyrophorus. 'I put 

a quantity of it into one of the fmall jars which I 

ufe for experiments on air in quickfilverj then, 

filling up the veffd with quickfdver, I inverted it 

in a bafon of the fame, and threw up dephlogifti-« 

cated air at different times. It -always occadoned 

•-ft fudden and vehement accenfion,. like the fialbing 

'of gunpowder, and the air was • greatly diminiftied, 

*as-might have been forefcen. 

c. Of 
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a. Of the Formation of Precipitate per fe. 

Precipitate per fe is much more eafily procured 
in dephlogifticated than in common air, and pro- 
bably not at all in phlogifticated air; this air not 
being capaBk of taking any phlogifton from mer- 
cury, without which the calx cannot be formed 

I expofed equal quantities of the fame quickr 
filver, in equal glafs tubes, of about two -feet and a 
half long, and an inch and a half in diameter,^ but 
jtiarrower towards the top, to a fand heat, for one 
day, one of the tubes containing phlogifticated, and 
the other dephlogifticated air, both hermetically 
fealed. In the refult, the mercury in the tube cpn- 
taihiiig the dephlogifticated air was completely co- 
vered with a coating of precipitate per fe ; .but the 
mercury in the other tube was riot fenfibly altered. 
When the procefs had been refumed, and con- 
tinued four days, I opened the* tubes, and found 
the dephlogifticated air fomeriiing worfe than it 
tad been, but by no means fo niiuch fo as I had 
expefted ; but the phlogifticated air was not at all 
altered. The quantity of precipitate in the dephlo- 
gifticated air wa^ trifling* ^ 

I then repeated the. fame experiments "with com- 
mon air, but in two days no precipitate was form- 
ed. With more time there probably would have 

5 been 



l8( OBSlRTATtONS OK POrtllL 

been fome. But this was fufficient for my purpofe, 
viz. to afcertain the difl^rence that woidd be pro- 
duced by different kinds of air in this proccis, ac- 
cording to the quantity of f^logifton which tfief 
contained. 

Perhaps the predpitate per Ji f»ay> by thi» means> 
be matk ki much lefs dmc, and witji much le6 
€xjpeft€e> thafi it now is* 

^ Cf the ruling <f Metals in Jir, 

' » « . 

It is generally thought, I believe, that metals 
expo&d to the open air are corroded^ and contrail: 
ruft, by means of fome add vapour contained in it. 
I diought it poffible, however, that very pure air 
ml^t have fuch an affinity with phlogiflon, as to 
deprive fome metals of it, without the aid of any 
acid. To try this, 1 fiUed an eight ounce phial 
with very dry clean nails, and then with quick* 
fitiier, which I difplaccd by very pure and dry de- 
phlogiilic^ted air, and left it inverted in a bafon of 
quickfilver on the 13th of April, 1778. On 
die a6th of January, 1779, I found that one tenth 
of the whole quantity of air was gone, the quick- 
filver having riien fo high in the phial. I there- 
fore took it for granted> thou^ I could not per- 
ceive -any ruil^ on the naols, that my conje&ure was 
well founded i that the air has been diminifhed by 

means 
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means of phlogifton from the iron, and that in time^ 
if the quantity fliould be fufEcient, the ruft will be 
apparent. This air being examined on the 20th 
of July, 1780, wa3 found not fo be. diminiftied 
any farther. It was alfo a little worfe than it had 
been when it was put into the phial, and the x\2ii& 
vfpx:^ very deaa and withQvit vA^ 

4. Of the Formation of Nitre. 

Before the difcovery of dephlogifticated air it 
was generally fVppofed by chemifts, that nitrous aci(^ 
by which common nitre is foraiedy exifts in the at- 
molphere as an extraneotu fyhftance^ like water, and 
a variety of other fubftances, which float in it, in 
the form of effluvia ; but fince there is no place 
in which nitre naay nqt be made, it may, with »we 
probability be fuppofcd, that nitre is formed by a 
real decoinpofttion (f the air itfelf the bafes that arc 
prefented to it having, in fuch circumftances, a near 
affinity with pure air, which is the principal ingre- 
dient in it. 
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BOOK V. 



PBSEIJ.VATIONS ON PHLOGISTICATED AIR*, 



PART I. 

PROCESSES BY WHICH GOOD AIR IS NOT INJURED, 
AND NOXIOUS AIR NOT RESTORED. 

ONE of the firft objefts of my experiments on 
atmojpherical air, after Ibme relating to Jpxed 
airy was the caufe of the change made in its pro- 
perties by a variety of procefles, which^ becaufe I 
firft concluded that the principal agent was pMo- 

* It will be feeny that the reafon why I called the fpecies of ^r, 
which is the fubjed of this hook^ pbhgifiieatedf was my fuppofition 
of its being atmofpherical air, affedted by phlogifton. But whe-» 
ther this be the cafe, or the air of the atixiofphere confift of two 
diflin<5t parts, and fubftances containing phlogifton, attraA one of 
thefe, viz. the dephlogifticatedj and leave the other, this other part 
may ftill be caWtd pblogi/lieated airf ft) that no miftake will be oc^ 
cafioacd by th^ ufe of the term* 

§ifton. 
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^ilon, I termed pblogiJUc. But before I relate any 
of them, it may not be amifs to recite the circum^ 
ftances in which air is not changed, notwithflanding 
it either had been apprehended, or might naturally 
be imagined to be ib, in them. 



SECTION U 

Of Air not being fenfibly injured by Heat, or by offenjive 

putrid Subftances. 

IT . had been advanced by the Count de Saluzes^ 
that air is injured by beaty and reftored by cold^ 
cfpecially by frofL But though I made the expe- 
riments with all the attention of which I was capa- 
ble, I did not find thefe to be the effcdt of mere 
heat or cold. 

It has been obferved both by myfelf and others, 
diat air exceedingly ofFenfive to the noftrils, is not 
always properly pblogifiicated, fo as to be diftinguifli- 
ed by the. tell of nitrous air. For though it may be 
ti^e that phlogiiton is the thing that conititutes 

fmell. 
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findl^ or at leaft that^ if is ki ferii^ totomr eflfenoal 

fkffaoiy nervcsy msif b& attached to femethin^g disit 
is only (Uffitfui through the Mr^ ttd not properijr />r^ 
corporated with it. Fojr wheit ^tb alr» fo exceeding-^ 
If ofienfive to the noftrils, is made to pafs through 
a body of water, this phlogifton is entirely leparated 
from it, and leaves the air through which it was dif- 
fiifed, and which it had fe e iiicd to contaminate, 
quite pure and inoffenfive. 

In order to make full proof of the truth of this 
obfervation, and alfo with the farther view of trying 
whether the quantity of phlogifton contained in an 
animal fubftance might be fo far exhaufted by pu- 
tr<fying in qvickfilver, as ta be unabdr to pMog^ 
ticate common air^ I cotAxy^ a large piece of the 
tendon of a neck of veal, and likewife a whole moufe, 
in ieparat0 vei&ls of qiikkSlver, fbime time in Sep- 
tember^ XTJ^i aiid when they had yiddcd all the 
air that I coiild perceiye they would yield, and of 
which an account has already been giiren, I cook 
yihdX remained of them both in the April follow- 
ing, and putting them into a jar of common ivt, 
containing about fcvcn ounce racafures, I examined 
ihis air aftet two days, and did not find it fenfibly 
iigured, though the fobftances were very ofFenfive' 
tothc noftrib. After keeping them, however, ift 

the 
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die £une jar about two months longer, I found the 
air to be phlogifticated. 

Notwithftanding this, I make no doubt but that 
in kngtb of tim$ thefe iubftances would have loft all 
their power of phlogifticating air. But whether 
this property, or that of yielding an oflfbnfive fmctt, 
would haw gone firfti I had no opportunity of ob- 
ferving, in confequence of mnoving my habitation, 
by which I was obliged to put an end to die prQ>p 
cefs. It appears, however, fufficiendy,* that veiy 
much of the power of thefe putrefying lubftances 
to phlq^fticate air was gone before they ceafed to 
beofienfive, t}u)u^ it is probable they were not 
fo highly ofienfive as they had been before^ 
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SECTION II. 

Of the Air that has been fuppofed to come through the 
Pores of the Skky and of the Effects of the Per^ 
ffiration of the Body. 

IT cannot be thought extraordinary, that when 
it has been imagined that dr is extradted from 
the moft compaft bodies, as gold, by means of the 
air pump, it fliould be thought to iflue from the 
human fldn. It was alfo very natural to imagine, 
that lince refpration injures and phlogifticates air, 
the prfpratkn of the body, fenfible and infenfible, 
fliould do the famej and they who fuppofe that 
phlogifton converts common air into fixed air, 
muft of courfe imagine, that the air contiguous to 
the fkin is continually undergoing this change. Dn 
Ingenhoufz afTerts the former, and Mr. Cruikfliank^ 
after Sig. Mofcati, the latter. On both thefe iub-^ 
jefts I fliall make fome animadverfions, and like- 
wife a few experiments which I think will be deemed 
conclufive, on the fubjeft of perfpiration, and fuf- 
ficient.to confirm what I have advanced with re- 
Ipedt to it. 

Dr. Ingenhoufz not only fuppofes that air is con- 
tinually ifliiing from the human Ikin ; but he took 

pains 
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ptoAs ta c6ilc^ it; iri a corifiderable variety of cir- 
ctdnftarKCS, . of which he has given a particular ac- 
count. Thb I tod{ the liberty to tell him I had 
ho doiSbc was a deception $ the air that he found 
bot having coihc from the Jkin^ but from the water 
in which it was plilnged ; and both the quality of 
tiat air that he founds and the circumftances in 
wbicb' he prociircd it^ left rhe no doubt upon the 
idbfcA. It Was juii that mixttire of fixed air and 
paitiailjr phlogifticaDed air^ that.pdmp water^ which 
he rtec^itiends for the pdirpoie, generally abounds 
With. The bubbles of air rifihg and fwelling at 
the fanit part of the fkin is by no means any proof 
dot the air came from the Ikin;' for that is always 
the ca& widi air iflbin'g frorri water; the air bub^ 
bles never rifing within the water itfelfj but always 
from' fomc^ other body immer&d in it. .All the 
pherfomen^ he has defcribed may be feen with a 
piece ' of mdtal, or glafe, plunged in water contain- 
ing air, in an ^xhaufted receiver 3 in. which cafe it 
is eafily ihown^ that the air does not come from 
thd poies of the metai^ or of the gkfs, but from 
•the water itfelf. For if the water contain i^^-aif, 
and the furfebes of the nntetd' and of the gkfs bfe 
caitefijlly wiped, that appearance cannot be pro- 
duced. 

He fays that Vater eidiaufted of iti iir is not pt&- 
per for this experiment, becaufe it readily abforbs 

V.OL IL O . all 
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all the dr 2« fait as it iflbes from the flcin. But 
if the experiment be made in water, at all, this* 
tnuft be the only unexceptionable mariner of making 
k; and water by no means abforbs any kind of air 
fo faft as be defcribes this to iflue from the fldn, 
and efpccially fuch a kind of air as he defcribes, 
a jgreat proportion of which is air partially phlogiftl* 
cated. It requires a long time before water, in a 
quiefcent ftate, will take up any fenfible quantity 
of fuch air as this. Befides, there is nothing that 
we know of the human frame, that would lead any 
perfon to fufpeft that air ever ijSues from the fkin; 
Where are the air vejfds for that purpofe? and 
what is their origin^ or connexion with other parts 
of the fyftem ? The prefent ftate of anatomy in- 
dicates nothing on this fubjeft. 

To latisfy my friend, not myfelf, I told hkn I 
would make an experiment, which I did not doubt 
would convince him of his miftake in this relpe6t f 
I did it in the following manner^ I boikd a quan- 
tity of rain water, in order to expel from it. all the 
air it might contain,, and then fat with my naked 
arm plunged in a vefTel filled with it, after care- 
fully wiping off, under water, all the bubbles of 
air that adhered to it But tiiough I continued to 
fit in this manner a full half hour, not a fingk 
bubble of air noade its appearance s^erwards* 

After 
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After this I need not fay any thing to my 
friend's ingenious ob&rvations on flie air which he 
took the pain$ to coUeA fi-om the jQcins of oldancl 
young peribns^ and his laudable endeavours to re-^ 
move a pc^ular prgudice concerning the unwhole-i 
fomenefs of the former, and the wholefomenefs of 
the latter kind of air. 

Mr. Cruikfhank's experiments^ if they could be 
depended upon, would both prove, that fixed ^r 
is compofed of common air and phlogifton^ and 
that the peripiration of animal bodies, in a healthy 
ftate, has die fame efie<5b upon air that breathing 
it has, viz.. phlogifticating it, and making it noxious^ 
v^hich is contrary to the experiments of which 
I Ihall prefendy give an account % by whifch it 
appears that the air under my arm-pits^ and near 
other parts of my body, wai never Icfs pure than 
the external air. The Abbe Fontana alfo told me, 
th^t he had always found the fatne refiilt in experi- 
ments made upon himfelf. But Mr; Cruiklhank 
fays (in the fecond edidon of his Letter to Mr. 
Clare^ printed in Mr. Clare's Treatife on Abfceffes) 
that, after he had confined his leg in a glafs veilel, 
fo as to prevent all communication with the ex- 
ternal air, lime water poured into it immediately 
afterwards^ came out a litde turbid. But this he 
would probabfy have found to be the cafe with^ 

O 2 fmaU 



finall quantitjp of Kmc water, poured inttv and ont 
e£, any veflel o£ die fame. fizc,. on;accQSHnt of the 
great fur&ce of the floid that mufl^ m ^ thofe idr^^ 
eumftances,. have been expofed. to,' the commoa 
atmofphere ; m con&quence of. whkL it isr aiiia|si 
blown to attra£)t fixed air«. , 

However,, pardy to es^amine tMs matter ihore 
thoroughly, and. with ar^iaariatbn that L had dvought 
o^ 1 repeated^ the esq)erimenbi onr mp: GwrniperfpLra^ 
lion in various way% andi.dicy^. aH Gonfinnodr. what 
I advanced: . hefblie, viz;: that die peripiratdecmattet 
hajs iKi fudi tffc£t upoo the air, but Uaves it: an 
wholefome, that is, as fit for rcfpiraiiDn> as^crer,, 
judging by the tcft of nitrous air, .wl)kh^ hbwei^r; 
Mn CrmkJhank does oot % that^ be e^er af^ed 
IB this cafe* 

Purfuing his fteps^ I fafteiied $ mo^ ox^s falad^ 
der, containing about a qaarc of air, dbfe about 
my ancle,, lb that my foot^. cl^s^ wfiihed and ^wamiy 
as hi& was, was expofed t^ k-, an^i&t near ^ 
fire,- fo as> tia keep my^ foot property warma fitill 
hour. Afcer this I carefuUy witbdife,ii9^ my feot 
Irom the bladder, without changii^ die air^.dnd 
applying the teft of nitrous air^ the air in, the bkd* 
der appeared to be of the fanne degree of puii^ 
with the external air; the meafure$> (^ the teft^ s^ 
plied m the &me ms^mt to both, b6i% x.2?6L I 

aUii 
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«lfi>* admiot«d |»rc of this air to Htne warn*, and 
obferved that it did npc make it in the finalltfl: dch 
IgCBC unrbid. 

: Wiffit^ to ^vt mofe time to this atpaionci^ 
dhat the ofipomini^ of this perfpiration j^ogifti^- 
<:stii^ dbe air iinight be tiic greatec, I once more 
i&ilened tine bladder ^kxMt my foot, juft before i 
"went to be4> and ikpc with it aH nighty keeping 
myielf fiiffidendy warm^ from eleven to half paft 
£k in the momingy "wiiea the bladder was quite 
cky« Howevci^ carefufly nsoiftaw^ it, and e^- 
x&Uly where it snA faftened to my ankk;^ I witfa- 
<!htw my foot^ witboflit <hanghag the air, and im<^ 
mediately examined «L The quantity contauaod in 
jcfac bladder w«s Asrty otmde mieafurei. k did not 
aficd: lime water, «od with re^xi^ to purity was 
lof tbe &me iitandard with common air ; the mea- 
iines of the tefl: with the nitrous air % haj^ned to 
^make uft o^ being in boi^ cafes x.^ 

I cannot dierc&ire but &e reafon to conclude, 
jB I did before^ that it is only rejfiraiiin^ and not 
iixe peroration o£ the body that irgurcs .connj^oa 
air. 

I hare fat an hour with my ^arm in a trough 
of very warm water, and my warm hand in a 
l^afs jar placed with its mouth in tlie water (my 
hand, of coude, peripiring, though infcnfibly, all 
that time) but when I examined the air^ within the 

Oj jar 
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jar immediately afterwards, it appeared not to have 
been the leaft injured by the procefs, 

But what I expefted to produce a .much more 
fenfible change in the air was the perfjriraiion. un- 
der the arm-pits, after walking, or ufmg much 
exercife, ^ For this purpofe, I have fomptimes 
taken phials of warm water, and poured it out, 
when I had introduced my hand a^ carefully as 
poffible into the place ; h\\t at other times I have 
piit open phials, widi perforations in the bottoms, 
and alfo open glafs tubes, three or four inches long, 
the orifices of which were fuch as that I could eafily 
cover them with my thumb or finger. This ap- 
pearing to be the faireft method of all^ I made 
the greateft ufe of it. For thjc air within the open 
tube muft certainly, in the courle of an hour or 
two, become of the fame quality with the air on 
the oiitfide of it. In thefe trials alio, I have pre- 
ferred walking 9> any other kind pf exercife, though 
I have tried feveral methods ; becaule, in walking, 
little or no motion is given to the air about the 
arm j and it is very eafy to introduce one's hand, 
and, covering both the ends of the tube at the 
fame time, to be qyite fure that the air within the 
tube' is in that flate to which the perlpiration of 
the body had reduced it. But flill, after walking 
a long time, and making myfelf purpofely as hot 
^ pofTiblc, I have never found the air within the 

tube^ 
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tubes in the leaft degree worfe than the external 
air; but, as I have fometimes thought, a fittk 
better. 

The experiment of this kind that ^ made with 
the mod care was in pretty hot weathqr, on the 4th 
of June, 1778. I put fuch tubes ^ as I have meii- 
tiohed above under each of my arms, and after 
firft workbg with a Ipade, and then walking about 
three miles, in which exercifes I purpofely made 
myfclf exceedingly hot, I withdrew the tubes with 
as mych care as a good deal of experience had 
taught me, and I found that one meafure of this 
air and one of nitrous air occupied the fpace of 
1.267 meafures; when the fame experiment being 
made with the beft external air on the fame day, 
the meaiures were 1.28. Every circumftance in 
the application of the teft was, as near as I coul4 
piake it, the very fame in both cafes. 
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Of Air which has been expofed to Steam, and of thai, 
which is found in the hollow Tarts of fome Plants. 

VERY early in the courfe of my obfervations 
concerning air, 1 found that the agitation of. 
any kind of noxious air in water purified it to a 
certain degree, as alfo that the agitation of pure 
air in water depraved it fo much, as to bring it 
to about the fame ftandard, viz. that in which a 
candle juft goes out. It rnight, therefore, be 
thought, that Jieahj or the vapour of water, inti- 
mately difiufed through a quantity of noxious air, 
would much fooher imbibe the phlogiftoa with! 
which it was charged j and feveral perfons have 
even thought that the melioration of air by vegeta- 
tion rriay be owing to the exhalation of moifture 
from plants in a vegetating ftate. I was very 
willing to adopt that idea nfiyfelf, in preference to 
my own, which was that plants imbibe the phlo- 
gifton \7ith which the air is overcharged into their 
Jubftancey and convert it into their proper hourifh- 
ment ' But when I tried the cflFefts of fleam on 
phlogifticated air, with as much attention as I could 

give 
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^ve to cbe d^riments^ I never fbuod tbat it wa$ 
at ftil -ntended iby 4:he procefs. 

I £ffl cook a quan^ of air tdiathad Ipeen phIo» 
gpOicated hy a mixtune of iron filings and fidf^iu*,^ 
and introducing into it die £nd of a glafs tube^ 
communicadng wiu^ a phial, .vdiidi i had fiUcd 
9Miik water, i kept it in a boiling heat^ about a 
quafter of an <ho\ir, in which dme d;!^ ^am had ef- 
&6hially pervaded the mafs of -air, having inade the 
jar in which it was cont»ned thon>ug^y hot, and 
having expelled three fourths of it. But what rer 
mained of this air was no more dioainifhed bjf 
nitrous air dian it had been before. 

Afterwards I ieveral times fiUed jars ^vith air 
phlpgiftiqated with nitrous air, and aUo by other 
means; and placing them, inverted, in pans of 
>vater, made the water boil a long time, till a great 
part of the air was expelled by the fleam, but I 
hever found the air fo expofed to fleam to be at 
all mended by it. Common air was always fen- 
iibly injured by this procefs, as might have been 
expefted from my former experiments. 

I am willing to think, however, from the ob- 
fervation of Mr. Ardcn, an intelligent lefturer in 
natural philofophy, who firfl mentioned the obfer- 
vation to me, as his own, that fleam, or the vapour 
of water, may unite with fomething or other that 
makes air offenfive, and help to fweetcn it ; or, at 

leaflj^ 
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kaft, that throwing a quantity of fteam into a room 
in which the air is offenfivc, may promote a change 
in the air, ib as to be an eafy and valuable remedy 
in fuch cafes. He mentioned to me feveral experir 
ments of his own, as well as the obfervations of 
other perfons, that make it very probable. 

Having examined the ftate of the air confined in 
the bladders offijhes^ I had the curiofity to examine 
that which was confined in certain hollow places in 
plants, where it has no ^fible accefs to the external air. 
For this purpofe I tried the air contained in the 
pcxls of the bladder Jena^ and alfo in the (talks of 
onionSy but did not find that in either of theie cafts, 
it was at all fenfibly different from the common 
2CiT\ being diminifhed by nitrous air in the fame pro? 
portion. 
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pF PROCESSES BY WHICH AIR IS RENDEREO 
UNFIT FOR RESPIRATION OR COMBUSTION, 



3 E C T I O N^ I. 

OfJir eupjed to a Mixture of Sulphur^ F^nii 
of Iro»,to Uver of Sidpbur and ryropborus. 



R 



EADING in Df. Hate's atcount of his ex- 
periments, that th<:re was a great diminution 
of the quantity of air in which had been expofed, 
a- mixture of powdered fuiphur and filings of iron, 
made into a pafte with water, I repeated the expe- 
riment, and found the diminution greater dian I 
had expefted. This diminution of air is made as 
cffeAually, and as expeditioufly, in qmckfilver as in 

water ; 
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water ; aiid it may be mcafured with the greateft 
accuracy, becaufe there is neither any previous ex* 
panfion, or incrcafe, of the quantity of air, and be- 
caufe it is fon^e time before this procefs be- 
gins to have uny fenfible e6e6t^^ This dimi- 
nution of air is various; but I have generally 
Ibund it tor be between one iiftb and one jfouith iqf 
the whole* 

Air thus diminifhed is not heavier, but rather 
lighter than common air. 

I conclude that the diminution of air by this pro^ 
cefs is of the fame kind with the diminution of it in • 
the other cafes, becaufe when this mixture is put 
into air which has been previoufly diminilhed, either 
t^y *-he burning of candies, by relpiration, or putre- 
faftion, though it never fails to diminifh it fome- 
tmng nwH^^ it is, however, no ferthcf than this 
procrfs alooe v^ouM W« doije it. if a frelh mix- 
ture be introduced tnto a quantity of air which had 
been np^ccd by % ftatrier mwwe, it tes iittb or 
no fwtibcr efftft, - 

I met ebfervied^ that when * miutwe of this kiijd 
was taken out of a qvintity of air in which a candle 
had before burned out; and in which it had HuM 
for feveral days, if was quite coM and black, 5» k 
always becomes in % confined place ; but it pn^fently 
grew very hot, fixioaked copiouOy, and fmellcd 

very 



»eiyi oflKtrifivel^ ^ aiidnfvUent it wsA koH, . it w«s hrawn^ 
Jgka thsi TU& of irotx. 

'Air dimiiiu&ed b)r. this mistoxro^ filings and 
fiilphur^ ia eMeedifi^noximis to animals^ and! 
have not perceived that it grows any better by 
kcnipingia water; ^Phic i2nel[ of k is atfirftvery 
pungent and ofFenfive, which nwtft be. owing to i 
quantity of vitriolic acid air generated in the pro- 
ceis. 

The quantity of thisf mixture which I made ufe of 
in the preceding expenm^ms,^ was- from two to four 
ounce mealures j but I did not perceive, but that 
the diminution of the quantity of air (which was ge- 
nerally about twenty ounce meafures) was as great 
with the fmalkft, as^ with tfieJarg^ft quantity. How 
fmall a quantity is neceflary to diminilh a given 
quantity of air to a maximum^. I have made no expe- 
riments toafcertain; ^' 

As foon ^as this mixture of iron filings with ful- 
phur aird water^^ begins to fetiment, it aMb turns 
bhck, and begins tp'fWeU, and it continttes to do 
lb, tJB it occtipies twice as much fpacc as it did at 
firft. The force' with which it expands is gitat ; 
bOT how great it is I have rfot' endeavoured to de^ 
lermMie. 

When this mixtitt^e h imiimeffed in water, it 
gifnenat?es no air, though it becomes black, and 

Common 
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, Common air, I find, is diminilhcd, and rendered 
noxious, by liver offulpbur. The diminution in 
this cafe was one fiffc of the whole, and afterwards, 
as in other fimilar cafes, it made no effirvefcencc 
with nitrous air. 

I found alfo, after Dr. Hales, that air is diminifhed 
by Homber^sfyropborus.: 



SECTION IL 

Ofjiir infeSled with the Pumes of hurning Charcoal 

A I R infedbed with the fumes of burning char- 
coal is well known to be noxious; and 
Mr. Cavendifh favoured me with, an account 
of fome experiments of his, in which a quM- 
titjr of common air was reduced from i8oto 162 
ounce meafures, by pafling through a red-hot iron 
tube filled with the duft of charcoal. This diminution 
he afcribed to fuch a deftruSim of common air as 
Dr. Hales imagined to be the confequence of burn^ 

I ing. 
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ing. Mr. Cavendifti alfo obfervcd, that there had 
been a generation of fixed air in this procefs, but 
that it was abfbrbed by foap leys. This experi- 
ment I aUb repeated, with a fmall variation of cir- 
cumilances, and with nearly the lame refult. ^ 

I alfo endeavoured to afcertain in what manner 
air is afiefted with the fumes of charcoal, by fuf- 
penduig bits of charcoal within glafs veiiels, filled 
to a certain height with water, and Handing inverted 
in another veffel of water, while I threw the focus 
of a burning mirror, or lens, upon them. In this 
manner I diminilhed a given quantity of air one 
fifth, which is nearly in the lame proportion with 
other diminutions of air. 

Ifi inftead of pure water, I ufed time water in 
this procefs, it never failed to become turbid by 
the precipitation of the lime, which could only be 
occafioned by fixed air, either difchaiged from the 
charcoal, or formed by fomething efcaping from it, 
and fomething in the common air. 

There was the fame precipitation of lime, in this 
procefs, with whatever degree of heat the charcoal 
had been made. Ifi however, the charcoal had 
not been made • with a very confiderable degree of 
heat, there never failed to be a permanent addition 
of inflammable air produced j which agrees with 
what I had obferved "faQfore^ that, in converting 
. ^ ' dry 
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dry wood' intdchaixoali the grdatbft part is changed 
into inflammabte air. 

To mdce the pfece&tig dxptninent widi ftillr 
mdre acaira(y>:I reflated A ih <}tHckfilVer ; \rhen' 
I perceivtxTthat diere was ai fhiaUincreafe of the 
quandty of airj pn^baWy frorti a generation of b- 
flammable sur. Thus it ftood without any alttra^ 
rion a whole nighty ^d part of the following day r 
when lime water being admitted taic^ it preientty" 
became turbid, and, j^er fomft tidie,, t]r»& whok^ 
quantity of air, which was about foMf ounce iAt)ea-^ 
fures, was diminiihed <me fifth, aB before^i 

Air thus dimiaUhedr by th6 fiime$ <^ burpingt 
charcoal, not only exringuifhes'flaaie, but is iii die 
h^heft degree noxiotis to animals i it nfiakes no ef- 
fervefcence with nitrous air^ and is incapablb 
of being diminiihed any f^tjierby the fomes of n^orb 
charcoal,' t^ a mixture (^ iron ffiings and fulphur^ 
or by any other cauTe of the diminution of air didt 
I am acquainted with. 

This obfervatiort, which refpedls ail other kinds 
of diminiftied air, proves that Dr- Hales was mif- 
taken in his notion of the abforption of air in thofe 
circumftances in 'which he obferv^d it. For he fup- 
pofed that the remainder Wa^, in all cafes, of th^ 
lame nature with that which had been abforbed, and 
that the operation of the fame^ caufc would not have 
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failed' to. produce a fiirther dimifiurion ; whereas all 
my oblcrvarions Ihew that air, which! has once been 
fully diminiflied by any caufe whatever, is not only 
incapable of any fiuther diminution, either from die 
Jlame or from any other caufe, biit that it has like- 
wife acquired new properties^ moft remarkably dif- 
fei^nt from thofc which it had before, and that they 
are, in ^ great meafiire, the lame in ail' the cafes. 
Thefe circutaftances'^ve reafpn to fufpeft, that the' 
caufe of diminution is, in reality, the fame in all 
tht cafes. ' ' '' '■>'•. 
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0/ the Effia of the Cakmdim of Metals. 



HAVING been led to fufpeftj from the experi- 
ments which I had made with charcoal, thaft 
the diminution of air in that cafe, and perhaps in 
oAer cafes alfo, was, in fome way or other the 
confequence of its having more than its ufual quan- 
tity of phlogifton, it occurred to me, that the cal- 
Vol, II. P cination 
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cination of metalsy vhid^ are generally iu()pc4ed to 
confifl; of nothi^ but a metallic earth united to pjilpr 
gifton^ would tend to aieertain the fy&^^ and be a^ kind 
m^xperimentu^ cruets in the cafe. 

According^« I fuipended pieces of ^ lead a^^ tin 
in ctven quandcies of air» in the famie manner a» I 
had before treated the charcoali and thipwmg, die 
focus of a bucning mirror or leas upon, tben^ £> as^ 
iQ make them fume co|^iQu(lyj^ I prMSbody , perceived 
a dimii^udop of the m* In the £u:ft trial that I 
made> I reduced four ounce meafures of air to. 
diree^ which is the greateft diminution of common 
air that I had ever obierved before^ and which I 
account for^ by fuppofing that, in odier cale$, there 
was not only a caide of iiKmiiHiciony but caules of ad- 
dition alio, either of fixed or inflammable air, or 
fome other permanently elaftic matter, but that che 
cffe<5b of the calcination of metals being fimply the 
cfcape of phlogifton, the caule of diminution was 
alone and uncontrouled. It appears, however, from 
the experlmenta ol^: Mf . Inavoifieri that die dq>hla- 
gifticated part of common air is imbibed in this 
pix)cels> and from my own later experiments, tha( 
the pMogiftm of the metaU uniting with another 
part of it makes fixed ain 

TI^ air, which I had thus diminifhed by caldna-* 
tion c^ lead, I transferred into anodier clean (^al, 
but found that the c^cination of more lead in i( 

(or 



(or a£ teift the attempt to make a fkrtbtr tsdd* 
oaiion) had no firther eficdb upon it. This air alTo^ 
like that which had been infeded with die fumes of 
(harcaal^ was m the highefk degree noxious^ made 
kQ e^rvefeence with nitrous air, and was no farther 
diminiflied I7 the mixtiire of iron filings and 
£ilphur. 

It might be fvfycSted that the noxiotis quality 
df air in which kadins cakiixedi mi^t be owing 
to ii>m9 jRimes pecidiar to th^t metal; but I found 
no fenfihk cUflfer^e betwetm th9 propertiei c£ this 
^^ and^l In vrUckHn was c^cifted* 

The w^^ over which metals aie cakiiicd aequim 
a yeUowifK tinge, and an exceedingly pungent fnioB 
and taAc^ prettjr much (as near as I can recoiled, 
fori did not compare them togiBther) fikethat oyer 
which fulphur has been frequently burned AUb 
^ thin and whidfli pellicle coveitd bc^ the fur&ce 
of the waier^ and Ukewi& the fides of die phial in 
which the calcinadon was mad*; ipfomtich tfiaf^ 
wifhfifuf ^equently agitating the water^ it grew & 
gpaque by dbi$ conftantly accum\ilatiqgincru(fcatioB» 
^t the f^-beams could not be tranfinitsed throu^ 
it in a quantity fufficient to produce die calcination, 

j^in^-water never became turbid by the calcina- 
don of metals over it, the cabc immediately feizing 
the fixed air that was formed, in preference to die 
lime in the i?pt^$ but the colour^ fmell, and tafte 
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of the wdtcr were ahrays changed, and the fiirfacc 
of it became covered wkh a yellow pellidey as bef6re# 
. . When i was making tfie experiments on the ex-^ 
tfa(5^ion of inflammabk air from iron, I founds 
that if the quantity, of air was confiderable,* the- 
throwing of the focus of the biirning lens upon iron- 
filings inclofed in it, had no other efFeft than to di*^ 
mihifli the air, and make it ncwcious ; which it did to 
as.great^a degree as the cakinratidn of leader tin had^ 
Aone: for:aftcf^this-at made no efftrvefcenice, arid 
was iio farther 'dinruiiifli^d, by- nitrous air. After 
this, I make n6 doubt, but diat if the procefs hiui 
bi«n Cdntintted a fufficient time,' there would have 
licefi'an'incrcjife of the quantity of air, by the pro- 
du6tionJbf^ihfkmrtmble air/- but the firft cflfedt of 
tte difcharge ^f phlogifbon from' the iron was the 
phlbgiftkatingand diminiihing of the common air. 

;I even foubd that air would be injured by having 
iron confinisd in it for a confiderafadc time. To try 
this, I fiUeda phial; containing common air, full of 
nails, the i &di of ' December, 1773, and left it in- 
verted in a veffel of water till the 2d of March, 1775, 
#h6n I found that it was diminished one-fifth of its 
bulk, and was not in the leaft diminiflied by a mk* 
Kure of nitrous air ; fi> that it muft have been per- 
fe£tly noxious, 

SEC* 
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Cy* ^ir in which Candles havf burned. 

9 

-' * ■ 

THE diminution of the quantity of air in whidi 
acandle^or fidphur, has burned out, is va- 
rious^ but I imagine thatj at- a medium, it may be 
about one fifteenth, or one fixteenth of the whole ; 
which is one third as mueh as by animal or vegetable 
fubflances putrefying in it, by the calcination of 
metals, or by any of the other cauiesofthexrom- 
plete diminution of air, which will be mentioned 
hereafter. - 

I firlt thought, that fiame difpofed* the common 
air to depoiit the fixed air it contains ; for if any 
lime-water be expofed to it, it immediately becomes 
turbid. This is the cafe, when .wax candles, tallow 
candles, chips of wood, fpirit of wine, ether, and 
every other fubftance which t have yet tried, ex- 
cept fidphur, i$ burned in a dofe glafs veflel, 
flanding in lime-waten This precipitation of fixed 
air (if this be the cafe) may be owing to fomething 
emitted from the burning bodies, which has a 
ftronger affinity with the other conflituent parts of 
the atmofphere. 
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If (lilphur be burned in the lame eircumftances^ 
the lime-wa|er continues tr^nQiaienti but ftill there 
may have been the fame precipitation^ or formation 
of fixed airi^ buttkaty trndiig with thri lime and the 
vitriolic acid^ it ferms 9 felenedc ialt) which is folu- 
|>Ie in wdten Having evaporated a quaiidty of wa- 
ter thus impregnated, by bumii% iul^ur vl great 
jiun^ber of times over it^ a wliitifli pow^ remainbd^ 
which had an acid tai^e i but rq^eadqg the experi-^ 
ment with a quidcer fevi^radon^ die powder had na 
acidity^ but was very much like chalk. The burtv* 
ing of fulphur but once over a quantity of lime >¥a* 
ter, will aflleft it in fuch a manfier, diat brfathing in? 
to it will not make it turbjdj which otherwife it al«» 
ways preff ntly does. 

Dr. Hales fiippofed, diat by burning itilphpr re* 
peatedly \n the fame quar^dty of sur^ the dimmudoi| 
would continue without end^ But this I have fre- 
quently tried, andnot found to be the cafe. Indeed^ 
when the ignition hsfs ^n imperfect in t|ie firft in^ 
ftance, a ^cond firing of die fame fubftance will in- 
creafe the efit(5t of the fir^, &c, bi|t this progrefs 
ibonceafes. 

In O^any cafes of thp diminudon of air, die efieft 
is not irnmediately apparent, eveif when it ftafids in 
waiters for ibmedmes the bulk of 2k will not bp 
mucli^ reduced^ till it has pailed feyeral times 
^brpugh ^ quanti^ of waterj which has thereby ^ 



better opportunitf of abibrbing thatpirc of the air, 
which had not been perfe&ly detached from the reft. 
I have fomedmes found a very great reduftion of t 
ma(s of air^ in confeqxience of jsaffing bvt once 
through cold Water. If the air has ftood. in quidc* 
filver> the diminution is generally inconfiderable, till 
it has undei^oiie &i3 iiperationi there not b^tng an/ 
fubftance expo&d to ^e air that could abforb any 
partof it. 

I could not find any tonfidemble akeradon in the 
ipedfic gravity of die air, ;n which candks^ or Ail^r 
phur, had bunied out. i lun ^tisfied, however, dtttt 
ic is not heavier than common air^ which miift have* 
been manifef)^ iffo great a dimtnucion of the quantity 
iiad been owing, as Dn Hales and others fuppole^ 
to the elaflidty of (he Whcde mafi faemg impaired. 
After making feteral trials for tbiis purpole, I coQh 
doded that air^ dfnsjdinuniihpl ik bu&, is rathd 
^hter than common air. 
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Of Animal Suhftances; ptOrtfying in Air. , 

WHEN a moufe putrefies in any given quontitf 
. of air, the bulk of it is generally increafed for 
a few dayss but in a few days more it begins t6 
ihrink up, and in about eight or ten days, xf the 
onreathcr be pretty warm, it will be found to be'di- 
minifhed one fixth, or one fifth of its bulk. If it do 
iiot appear to be diminifhed after this time, it only 
requires to be pafied through water, and the diminu* 
OOfi will not i^U to be fenfible. I have: fomedmes 
known almoft the whde dimiiiudon to take pkce, 
upon once or twice pafling t:hrou^ the water. The 
fame is the cafe with air, in which animals have 
breathed as long as they could. Alfb, air in which 
candles have burned out may almoit always be far* 
ther reduced by this means. 

I haye put mice into veflels which had their 
mouths immerfed in quickfilver, and obferved that 
thp air was not much contrafted after they were 
dead or cold j but upon withdrawing the mice, and 
admitting lime-water to the air, it immediately be- 
came 
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xaTT^e turbid^ wd was cqptra^ted in it|» dimenflons at 

ufual. > . , 

I tried the fame thing with air, tainted with putit;* 
fadion, putting a dead nioufc to a quantity of cooj- 
mon air, in a veflel which had its mouth immcrfqi 
in quickfilver, and after a week I took the moufc out, 
drawing it through the quicklilver, and.obferycd 
that, for fome time, there was an apparent increafc yf 
the air perhaps about one twentieth. Aft€;r this, it 
ftood two days on the quickfilverj without eny . fenfi- 
ble alteration ; and then admitting w;acer to k, iit;\be- 
gan to be abforbed, and continued fo, till the oirigiiul 
quantity was (Urainifl)ed about one fixth- I^ inftis^ 
of common water, I had made ufe of lime-water ixi 
this experiment, I make no doubt but . it . wpul4 
have become turbid. 

If a quantity of lime water in ^ a phial be put 
under a glafs vefTel , Handing in water, it will not 
become turbid, and provided the accefi of the com^ 
mon air be prevented, it will continue lime water> 
I do not know how long ; but if a mouie be left 
to putrefy in the veflel, the water will depofit all 
its lime in a few days. , 

The air that is difcharged from putrefying lub-. 
ftances feems, in fome cafes, to be chiefly fixed air, 
with the addition of fome other effluvium, which 
has the power of diminifliing common air. The 

refemblance 
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fcMhhMtt hietWtifi thfe 1tru« putriiS effluvium and 
fixed ju!dn the foDowing experiment (which Was as 
dddfive as 1 could poSSbly contrive it) appeafecl to 
be Very greaitj indeed, mucli greater diah I had 
texped:ed. t put a dead mouie into a tall ^als 
vWfel, and having filled the remainder with quick- 
iilvet, and fet it, inverted, b apot ofqutcktilver, 
1 let it ftand abtfdt two months, in which time the 
putrid effluviurh ifluing from die moufe had filled 
the whole veflel, and part of the diffolvcd blood, 
^hich lodged upon the furface of the quickfilver, 
begah to be thrown but. I then filled another 
glafs vetel, of thjft fame ,fize and ^ape, with as 
^ure fixed ^r as I (;:Ould make, and expofed them 
bodi, at the fame time, to a quantity of lime water. 
In both cafes the water grew turbid aiike> it rpft 
t*qu^y 6ft in |70th the velitb, and Ijkewiie Equally 
high; fo that about the fame quantity remained 
imabforbed by dtp water. One of thefe kinds of 
•if, hbVtever, i*as exfceedihgly fweet ltn(i[ pleaffa^it, 
ini4 I3ie otfier iniufferaHf' ofienfive. in general^ 
hdwteVer, I fbtmd fome portion of the air from pu^ 
trcfying animal ful^nces to be inflammable j and 
and it was probably the fame in thi^ cafe. 

Putrid cabbs^, grten or boiled, infefts the air 
in the very fame manner as putrid aninnjal fubftances. 
Air thus tainted is ^equally contr^fted ir^ its dimen^ 

fioi^s^ 



ISoiis, ft equally extiii|[tuA(es AaAe, and is o|ua% 
iKo^im to id^tmaH t but A^ ii^& the air veiy 
l^iflbehtljr^ |f thfc fatat that u stp^Iied to them he 
iohfideraUe. 
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i^iiur ^fiiff of tbe Cakes of Ce^pef mlH Irutt aai 

E V£R AL properties pf metoBc colds may b^ 
dUcttvered by their pcpofore to the coniimoa 
iSft. I have ma4e fome obiervatjons which may 
1;^ {dea%^ an4 ^&£bry with refpeft to thoieof 
&^i& aild irtm. They prove that the blue colour 
ikci^lttiftd by the former^ and the red colour acquired 
^ the latter, are owing to the dephlogiftication of 
£^tA. For tbeie colours cannot be aflumed by 
tfiem but iA the <»en air, and the air to which 
f^ zxft estpplcd 1^ more or leis phlog^lHcated by 
dus means. 

I difiblved copper in a folution of fal«ammoi^« 
sn|d cc^^t4 the tplutioB in a phial with a ground 

ftopper. 
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ftoppcr. After a day or v two, ^ when the fclution 
was become thoroughly blue,. I examined the air 
within the phial, and found it to be confider^b^ 
worfe than it had been. For one meafure of it 
and one of nitrous air occupied the Ipace of 1.33 
meafures ; when the common air at the fame time 
was diminiflied by the nitrous air fo much, that 
the fame quantities -oee^pted the fpace of litde 
more than i.i meafure. At another time I co- 
vered a phial containing a quantity of this folution 
with a fmall jar ftanding in a trough of water, and 
found, after 4 few days, thbugh "not : rnore than half 
the folution, beginning from the top, had turned 
tiae^that the air to which it had been expofed was 
almoft completely phlogifticatedc* ' 

, Pouring. a diluted fplution of pearLafhes intf^a 
diluted folution of ff-een vitriol with a ftinnel, tfiat 
the common air within thef phial might mix as 
iCtle as pofTible with the open air, the precipitate 
was at firft of a light blue ; but bv expofure to the 
air it became firft of .a .deep indigo blue, and then 
.a red, . r * ■ 

Covering a quantity of this blue precipitate con- 
tained in a glals cup, with a glafs jaf ftanding in 
water, I obferved that, after two or threg jlays, ^^ 
the furface of the precipitate, though covered wifh^ 
water, was become red. . . When I ftirred it qp, all 
l>dbw the furface was as blue as ever. In this 

ftate 
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ftat6'f examined the air, and found it fenfibly phla- 
gifticated, though not to a great degree. 

Having made anodier blue pi^ecipitate ^bf iron, 
I poured it into a -Imall ' retort, .and turning it 
evei^ way, to give Alt the irifide a coating of it,' T 
expoied it to the heat, of the fire, till it was- become 
partially red (for I did not perceive it woifld bt- 
come wholly fo) and, examining die*. air in the in-^ 
fide, I found that one meafure of it' and ontrof 
nitrous air 'occupied the fpace lof i;3 ' meafiires-V 
when the fame quantities of commof^'air and the' 
lame of nitrous air occupied the ipace of i.tJ4* 
mea/ures. ' - . ..' 

I- Laftly, to give the calx of iron 'more time to' 
afitft th^ air, I made the* mixtune in a* phial which' 
I'ltft ^lalif full of air ; and in a few days the 'furface 
Iff tht water was tovered with ' a red peHicle, andf 
fome time afterwards the furfacie alio of the pre-- 
cipitate at the bottom of the phial>' which had htth 
of a deep blue, was become red. After Waitings 
three weeks, I examined the air, and found it fo 
much phlogifticated, that one meafure of it and 
cmc of nitrous air occupied the Ipace of 1.55 mea- 
furcs. io 

Having alfo coated the infide of a glafs tub<j 
with the green precipitate, I let it ftand near three 
weeks with its orifice immerfed in watcr> in wJriclt 
time ic had become nearly red $ and then dcamin'-' 
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ing the tir, I found no fixed ^r in it (whith ai^ht 
have been fufpefbed to come from the pearl alhes 
efpeci^^tyi and thus to have injured the aif^i witH^ 
out any proper phlogifticadon) and one meafure of 
it and one of m^rous air occupied the Qiace of 1.4^ 
meafures. In thi$ experimeii^ thereforej th^ was 
a proper phlogifticadon of the CQmmon air, w^flKyttt 
it$ recdving any d^ing from the alkaline falts. 

It is not a litde renuurkable^ that this chatig^ of 
colour will take place though the precipit^e tie 
covered with a larg^ body of water, I have foittid 
it when it was coyeml to the depth of eleven inc^es^i 
which is that of the trough in which I ufually m^l^ 
QEiy experiments^ It was at firfi: all blue^ the pex^ 
4ay I found the iiirface completely red, when 4^0 
bottom was as deep a blue as ever. This refein^ 
)f]fi$ the property o^Jfrum i|i my ^perimenfs oil 
ikad. For ^ that liquor adoiits pbloff&on to pais 
^om the blood to the air, fo water permits^hlo^ 
^oti to pais frpm dus precipitated calx to the air^ 
i^di as appears from later experiments, permits the 
<^x to b^o^e laturated with dephlogtftidsited ain 

The refult of thefe experiments will be di&reni 
according to the degree of faturation in the fblu^ 
^m, and perh^ according to other circumftancis* 
. At th^ fame time that I got the deep blue pff«r 
Cipitate, with whi<;h I made Several of the experi«r 
Uism «bovt*meQUon^i I mixed a quantity of the 

faturated 
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&turated ibbition>» bodi of the vitriol and of the 
pearl aihes^ in w open jai> and the whole becamq 
xfiii at one?, without ipy being able to perceive m$ 
previous blue colour at alL Soraetixnes tjtvz pi;^ 
<;ipitate will bq white, or grey, c^qaUy whcn^ thf 
Ibludon q( thif iron i$ poured intq tjiat of t|)^ 
alkali. In this cafe the firft change is to.a veryjw'^t 
^lue,Mhen to a deeper blue, and lafUy tp a re4. ; 

lih the experiments above-mentioa^d the air be^ 
came phlo^fticated in confequence pf the liquoi; 
to which it was expdfed acquiring cOjlour ; whereas 
m the following it was injured at the (aqie timq 
i^at the liqucK* 1^ its colour. I took a q^uititjro^ 
fpirit of £ak made yellow by various imprcgnationi| 
and then made it colourlefs by livef of jCulplfUfV 
After this I iiwerted the phial widi common ait; 
III i^ and let it ftand about a week^ obiervii^ dial; 
in two days it had recovered its original Yt!Ofi% 
colour; ,and the air appear^ to be fb aiuch iiii^i^^ 
jured, that one meafure of it and one of nitrous 
air occupied the (pace of 1.9 meafures. Tl|e fhla^. 
gifton that produced this e^ft came probaUy irpn^' 
the liver of fulphun 

I accidentally met with a much better mcthi^ 
pf making the experiment witbth^ calx, by meanij 
qf lime water, than diat njentipqcd above. 

The trough in which I make my ag^nmeMM^ 
on air being at omp tim^ very %i;^, witk varipw^ 

metallk 
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ftrrctiflic ' iblutions, efpecidlly in coirfequence of hav- 
ing diffolved ifbri in fpirit of-iiitfe,* for the iprcv 
duftitortbf' nitrous air, and odier purpofes/and it 
not . having beOT Convenient to diange the Wa:tei;, 
I continued' to ufe- it'ih that ftrflfe j when cafiially 
pouring a littte' 'llnnEe water intto' it, I obferved that 
a'pfecipitate^'bf a very deep blue colour was form-, 
ed. It was fb beaudful/ that, having beeii obliged 
td leave nriy Experiments, for' the*falce of 'a ftriall 
excurfion to BAh, before I /aw- any farther into ' it, 
I remembei* tdlihg a friend whontr I tn^t th^^, 
rfiat- 1 thought it pdffible diat 1 had accidentally 
' ' ' ^Rfcovened' a new \nd cheap method of rnaking 
^ Prufflan. blue/ - However my dfeanrr of a difco very 
Viihlfhed on my' return home!,' ^Hcn 1 obferved die' 
bdttbm of my trough covered with a very lively 
j^id. But when I turned it up,* I found the red 
. was only foperflciah, and that the precipitate Under- 
neath was of W de^p a blue as ever. " * ■ r 
^ I then TCfJektra the 'dxperimerit in' fmall-j^rSj 
phials, &c. and was much better pleafed with die" 
refult than when I had made 'ufe of'a folution ot 
alkali in order to make the precipitate. Here 
die lime i)5 feiied* by the acid,; as * it- was before by 
die alkali i and in both' cafes the calx of the iron 
is ftt at liberty, and depoftted in a phlogifficated 
ftate. But it ifcadily parts with its* phlogifton if 
pure air be at hsfftdy even diough ifeparated from 



^ 
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it by a body of water, of, I believe, any depth* 
Thcfe e^cperiments lhe\^ that water, though capa- 
ble of receiving phlogifton, is not capable of re* 
tairting it in the prefence of air^ which appears to 
have a much ftronger afiinity with it* 

It may not be iniproper to mention again in 
this placej m fpeaking of the efFeft of metals on air, 
that iron that has been fiiffered to ruft in nitrous 
air diminilhes common air very faft. 

In a fubfequent part of this work I jfhall ihow 
that there is no air in quickfilverj as has gene- 
rally been imagined, and that all the air which 
is difcovcred in boiling it in a glafs tube, is only 
that which had been concealed, and comprefled, 
between the quickfilver and the glafs. Having 
for this purpofe coUe&ed a fmall quantity of this 
air, I found it to be common air, being dimi- 
nilhed by nitrous air. But the quantity being 
fmall, and not having applied a very accurate mea- 
fure, I afterwards repeated that experiment with 
more precaution, and find fuch air to be in fome 
degree phlogifticated. 

I firft filled a tall thin tube, about an inch in 
diameter, with quickfilver j and, expofing the up- 
per part of it to a degree of heat that converted it 
into vapour, in the manner reprefented PL III. 
fig. 4, and confequently effeftually fetting at liberty 
all the air that was confined between the quickfilver 

Vol. II. Q^ and 
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and the glafs^ I collcfled and examined that air, 
and found it not to be diminUhed by ni^roiis io 
much a^ common air is. 

I then repeated the experiment by throwing up 
a quantity of common air, and expofmg it to heat 
mixed with tlie vapour of quickfUver, and l^t it 
continue in that (late four or five hours. After 
this I perceived that the air was confiderably dimi-^ 
nifhed in bulk j and, exarpining it, I found that 
one meafure of it and one of nitrous air occupied 
the fpace of 1.66 mealbres. The air, therefore, 
in the former experiment, not having been pure air, 
is no proof of its having been incorporated with 
the quickfilver i fmce common air niiixed with it, 
in the ftatc of vapour, receives phlogifton from it. 
This proves that mercury, like other metals,, im- 
bibes pure air, and by this means would in time 
become fredpitate per/e. 
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SECTION VII. 

Of the E^eSt of Oils, &c. on Air. 

TH E preceding experiments on the calcination 
of metals fuggefted to ine a method of ex- 
plaining the caufe of the mifchief which is known 
to arife from frelh paint, made with white lead 
and oil. 

To verify my hypothefis, \ firft put a fmall pot 
fiill of this kind of paint, and afterwards (which 
anfwered much better, by expofing a greater fur- 
face of the p^nt) I daubed feveral pieces of paper 
with it, and put diem under a receiver, and ob- 
ferved, that in about twenty four hours, the air waa 
diminifhed between one fifth and one fourth, for 
I did not meafure it very exaftly. This air alfb 
was, as I expefted to findj in the higheft degree 
noxious. It did not efFervefee with nitrous air, it 
was no farther diminifhed by a mixture of iron 
filings and fulphur, and was made whdlefonie b^ 
a^tation in water deprived of all air. 

Air is diminifhed by a Cement made with one 
half common coarfe turpentine, and half bees-wa^t. 
This was the refult of a very cafijal obfcrvation. 

Qj^a Having, 
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Having, in an air-pump of Mr. Smeaton*s con- 
ftruftion, clofed that end of the fyphon-gage, which 
is expofed to the outward air, with this cement 
(which I knew would make it perfedtly air-tight) 
inftead of feallng it hermetically j I obferved that^ 
in a courfe of time, the quickfilver in that leg kept 
Cpntinually rifing, fo that the meafures I marked 
upon it were, of no ufe to me j and when I opened 
that end of the tube, ajid clofed it again, the feme 
coufequen4?e always took place. At length, fuf- 
pefting that this efFe£t muft have arifen from the 
bit of cement diminifMng the air to which it was 
expoied, I covered all the inlide of a glafs tube 
with it, and one end of it being quite clofed with 
the ceipent, I fet it perpendicular,, with its open 
end immerfcd in a bafon^of quickfiiver; and was 
prefently fatisfied that my corye6hire was well 
founded; for, in a few days, the quickfilver rofe 
fo much within the tube, that the air in the infide 
appeared to be diminifhed ab^ut one fixth. 
. To change this air I fille4 the twbe with quick- 
filver, and pouring it out again, I replaced the tube 
in its former fituation j when the air was diminifhed 
again, but not fo fall: as before. The lame lining 
qf cement diminifhed the air. a third time. How 
long it will retain this power I cannot tell. This 
cement had been made fevcrial months befoie I 

madfi 
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made this experiment with it. I muft obfervc, 
however, that another quantity of this kind of ce- 
ment, made with a finer aad more liquid turpen- 
tine, had not the power of diminilhing air, except 
in a very; fmall proportion. Alfo the common red 
cement has this property in the i&me finall degree. 
Common air, however, which had been confined 
in a glafs veflel lined with this cement about a 
month, was fo far injured that a candle would not 
buni in it. In a longer time it would, I doubt not; 
have become thoroughly noxious. 

I before obferved that air, which had been ex- 
pofed to the effluvia of the common red cement ^ was 
iajured by it. For this purpofc, I had covered all 
the infide of a phial with it, and placed it, inverted, 
in a veflel of water. Since that time I have re- 
peated, or rather continued the experiment, letting 
the fame veflel fl:and about nine months in that fitu- 
ationj wheypi, upon examining it, I found it was 
diminiflied ooe fifth of its bulk, and that it was not 
at all affefted by nitrous air. 

Having Iiad fo much to do with red lead^ in thd 
iqourfe of my late experiments, 1 had the curiofity 
to try what would be the effeft of that procefs by 
which the grey calx of lead is converted into red 
lead. The fimple calcination of lead, I knew to. 
be the difcharge of phlogifl:on, by which the air 
contiguous to it is diminiflied; and, as far as I 

0^3 hav^ 
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have had an opportunity of obferving, the continu- 
ance of the fame procefe, by which the grey cak 
is converted into red lead^ is of the fame nature, 
viz. a farther difcharge of phlogifton^ and confe- 
qucntly a diminution of the air. For I threw die 
focus of a burning lens upon a fmail quantity of 
the grey calx of lead> placed under a receiver {land- 
ing in water; and though this operation did not 
make it abfolutely red lead, it gave it a reddifh 
tinge ; and I ^und, by the teft of nitrous air^ that 
the air in which the experiment was performed was 
confiderably injured, being not nearly {o much af- 
fected by nitrous air as common air is. In fadt, the' 
calx of lead imbibes dephlogifticated air from the 
atmofphere, as does the vapour of mercury in the 
experiment abovc-mentbned. 

Spirit of wine, which affefts nitrous air in a 
manner fimilar to the effeft that oil of turpentine 
has upon it, af&£b common air alfo in a fimilar 
manner, and in both cafes alio in a much lefs de- 
gree. When I agitated a quantity of common air 
in ipirit of wine, it was not much injured, but was 
fenfibly afiefted, as appeared by its not being quite 
fo much diminiflied by nitrom air as it would have 
|)een before. 

Though elher be an oil, I do not find that it has 
any power of parting with its phlpgifton to com- 
mon air, fo as fenfibly to injure it. To a phial half 

filled 
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filled with water I put a fmall quantity of ether, 
and then inverted the phial in a bafon of water, {o 
that the air within the phial was expoftd to the in- 
fluence of the ether. Things being thus circum- 
ftanced^ 1 obferved that, after fome time, the air 
was diminilhed about one third i but being exarpin- 
ed after it had continued a nionth in this fituation, 
and all the. ether had difappeared, the air was not 
ienlibiy changed* It was diminifhed as much as 
before by nitrous air, and was not in the Jeaft de- 
gree inflammable. The reafon of its apparent di- 
minution coukl only hi this, that the firft efFeft of 
ether, as I obferved a long time ago, is to double 
the bulk of any kind of air into which it is intro- 
duced ; but that, in all thefe cafes, part of the In- 
creaie always di^ippears, probably by the abforp* 
tion of part of the vapour of the ether diffufed 
trough itr 
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SECTION VIII. 

Of the Power of Oil of Turpentine^ both to phbgifti-,^ 

cate and abforb Air, 

I Have obferved that oil of turpentine has the 
power not only of diminUhing, and phlogifti- 
eating, but alio of actually abforbing a very gres^i: 
proportion of common air, in a manner that is very 
remarkable. 

The firft time that I expofed common air to the 
influence of oil pf turpentine (which was about the 
fame time that I was trying its eflfefts upon nitrous 
air, and which I was led to do in confequence of 
obferving its remarkable power of depompofiqg 
that kind of dr) I found that when I placed a phial 
of oil of tui^entine with its mouth in a bafbn of 
the fame, leaving, about one fourth of the contents 
of the phial of common air, it was yery confiderably 
dimlnifhed, and without any agitation, in a few 
hours, fo that it extingnifhed a candle. It had a 
ftill greater effeft in diminifhing dephlogifticated 
air. At another time oil of turpentine, applied in 
tlie fame manner, abforbfcj rnore than three fourths 
of a quantity of com mon air j and fome oil of tur- 

pentine. 
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pentine, which had before imbibed a very large 
quantity of nitrous air, alfo diminilhed common 
ijur, but not in fp great a degree. _ 

My reader will not wonder th^t I was exceed- 
ingly furprized at this power of oil of turpentine 
to abforb fo great a proportion of common air, in 
the above-mentioned experiment, when he recolledb 
that in no fbniier cafe, had I ever found that com- 
mon air was diminifhed more than one fourth by 
any phlogiftic procefs. But that oil of turpentine 
would do much more than this, I had repeated 
proo£ I have one memorandum of a quantity of 
oil of turpentine abforbing five fixths of a quantity 
of common air. The refiduum in this experiipent 
J examined very particularly, and found it to be, 
in all reipedb, the fame thing that I have deno- 
minated pblogiftkated air j for it did not make lime 
water turbid, was not afFefted by nitrous air, and 
extinguifhed a candle. At the fame time foui: 
fifths of a quantity of dephlogifticated air was ab* 
forbed by the fame fluid, and the remainder ex- 
jinguilhed a candle ; and, I doubt not, would have 
appeared, if it had been examined, to have been 
completely phlo^fticated. 

After this I was exceedingly puzzled to. find that 
{ could not make a quantity of oil of turpentine ab- 
forb more than one fourth of the common air to 
which it was expofed. Even long time, and agitation^ 

had 
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had no moi^e cffcfti and yet this was of the very 
feme oil of turpentine that I had nrtade ufe of before. 
But refle6ting on the prodigious difference in thcfe 
refuks, it occurred to me that, pofliWy, the oil erf' tur*- 
pcntinc, in the ftate in which I firft made ufe of ic> 
might have been deprived of all air ^ and being; 
perhaps, capable not only of imparting phk^ftoft 16 
air, and thereby of diminifhing it in the ufual propor- 
tion, but alio of imbibing the air mfnhftance^ it had, k 
the former cafe, produced both thefe efifefts ; where- 
as having fince that time been much expofed tc^ the 
open air, ift had become laturated with it, and there- 
fore could have no effeft of imbibing, but only ci 
phlogifticating air, and confequendy of diminifhing it 
bne fourth, which was the utmoft extent of othejf 
purely phlogiftic proceflcs. 

In order to afccrtain this, I placed a quantity of tht 
fame oil of turpentine under the receiver of an air- 
pump 5 and, exhaufting it, prefendy found that it dif- 
charged air in great plenty ; and immediately after 
this expofing a quantity of common air to it, in the 
manner mentioned above, I found that, in the Ipac* 
of a day, one half of it was abforbed. 

In order to try whether other effential oils had the 
property of phlogifficating common air, as well ^ oil 
of turpentine, I carefully took out the corks of three 
phials, two of which contained oil of mint, and the 
Other oil of cinnamon j and found that pieces of red* 

hot 
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hot wood were inftantly extinguiflied in them all ; 
lb that I was folly fatisfied that the air was phlogifti- 
cated, without conveying it into other phials through 
water, which would have been attended with the lois 
of the oils. 

Being employed at the fame time in making ex- 
periments on caufik alkali, and other fubftanccs, to * 
afcertain their effefts on feveral kinds of air, I placed 
under the lame receiver of the air-pump a quantity 
of oil of turpefiHf^, oicauftic alkaUy and of diftUkd 
water ; and feu/tid that they all contained a good 
deal of air ; aii(i then, nearly fjlHng equal phials widi 
each of tl|^efe fluids, and inverting them in bafons. of 
the fame, fo that equal quantities of common atr 
wore left in all the pluals, expo&d to equal fur&ces, 
and equal, quantities of the feveral fluids ; I obfcrved 
that the oil of turpentine immediately and vigoroufly 
abforbed the air, io that in a few hours it had imbib- 
ed about one half of the whole quantity expofed to it, 
while the water had imbibed but very litde, and the 
CfiXiSiif; alkali nonQ at all that I could perceive. 
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S E C T I O N IX. 

Oftb£ EffeEl of Spirit of Nitre on Air. 

I have fufficient proo<i that the nitrous acid, both 
when Combined, as it generally is, with water, and 
likewife when exhibited in the form of vapour, or 
air, is fo loaded with phloglfton, as to be capable of 
diminifhing both the common air, and the nitrous 
air, which ai"e expofed to it. This I thought to be a 
faft of a predy extraordinary kind; it appeared jfb 
much fo to me, that I had expeded the very contra- 
ry effeft from the experiments that I made upon it ; 
having imagined that, fince the nitrous acid confti- 
tutes the pureft of all the kinds of air, common air 
wanted nothing more than a greater proportion of this 
acid to become dephlogiftcated air ; and thus I was 
tn hopes of being matter of a procefs, by which I 
could not only reftore vitiated air to its original pu- 
rity, but even improve the purity of common air it- 
felf. 

But when I had got my phials with ground-ftop- 
pers, I introduced the tube of one of them, into 

5 which 
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which I had put Ibme ftrong fpirit of nitre, under the 
edge of a fmall jar, filled with air that had been in- 
jured by putrefaftion about a year before j and mak- 
ing it boil, forced the hot fumes to rife into, and 
mix with it, for a confiderable time, till the acid 
feemed to be almoft expelled from it ; but I could 
not perceive that the air was fenfibly altered by this 
operation; It was no more diminiflied by nitrous 
air than it had been before. 

Then it occurred to me that I had, at that very 
time, a very good opportunity of afcertaining the tC- 
fe6t of the fumes of fpirit of nitre on common air, by 
mtans of a quantity of flrong fmoking Ipirit of 
nitrCj contained in a large phial; one fourth part of 
which was fullj and which had not been opened 
for half a year j fb that all the inclofed air, whicli 
was three fourths of the contents of the phial, had 
been expofed to the vapour of the fpirit of nitre 
all that time. 

By lofing the fpirit of nitre, I might have tranf- 
ferred this air into another vefTeli without any mix- 
ture of common air^ but not chufing to do that> I 
poured it into another phial, by which means I got 
a mixture, three-fourths of which was the air from 
the phial, and one-fourth atmofpherical air, for 
which I had to make an allowance. Examining 
this mixture, by thcteft of nitrous air, I found that 

two 



1138' OBSERVATIONa OH PSTt IL 

two meaiurcs of it^ and one of nitrous alr^ occupied 
the ipace of two meaiures and a half> and a candle 
would not bum in it j fo that the fpirit of nitre niiuft, 
as I then thought, have imparted phlogtfton to the 
air which had been expoied to it, and in ft) great a 
degree^ that it had become almc^ perfefUy noxious; 
as may be eafily concluded, by allowing for the mix- 
ture of common and whokfome air with it in this ex- 
periment. 

That acidf^ircit^ as fuch, have not this cfFe6t upon 
common air, I, at the fame time, afcertained, by 
making the lame experiment on the air of the phial 
which had contained the ftrongeft fpirit of lalt; and, 
I believe, -for a longer time. This, however, was 
in all refpe£ts as good as common air* 

Afterwards, when I had contrived to fumigate dif- 
ferent kinds of air, with the vapour of fpirit of nitre, 
by a Angular kind of procels which will be mention- 
ed below, I found that it had no efFeft whatever up- 
on common air ; for in this cafe, I believe it con- 
tained very litde phlogifton. 

I have obferved above, that common air is phlo- 
gifticated by continuing a confiderable time involved 
in the red vapour of Ipirit of nitre. This, contrary 
to my expeftation, I alfo found to be the cafe with 
the colourlefs, or invifible vapour of fpirit of nitre, 
after all the colouring phlogiftic matter had been 

I driven 
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driven ou; of it. Air that had continued only two 
days in a phial with a glafs ftopper, which contained 
fonae rf this colourlefs acid, was fenfibly lefs afFcfted 
by nitrous air than common air was; and the air that 
had been confined in the fame glafs tube in whicK 
foine of the colourlefs nitrous acid bad been placed 
in the fand furnace only two days, though the heat had 
been {q fmall as to have produced no change of colour 
in theacid,was fomuch phlogifticated, that one mea<t 
fure of it, , and one of nitrous air occupied the fpacc 
of i*8imeafur^. 

In order to compare the effe&s of the fame fpirit 
of nitre on common and on dephlo^fticated air, I 
once, for about a fortnight, expofed two half-ounce 
phials, nearly filled with the ftrongefl brown fpirit of 
nitre, one of them to a quantitjrof common jur, and 
the other to about an equal quantity of dephlo^ 
gifticated ^r i and I obferved that the air in each of 
thefe cafes was dimini&ed in about the fame propor- 
tioUy and that the depMogilticated air was confider- 
ably iigured. The furface of the ^rit of nitre in each 
of the phials was become much lighter-coloured thaa 
before, and the brown colour had, throughout, intirc- 
ly difappeared ; owing, as I then thought, to its haT- 
Lag parted with its pbl(^ifton; and what I thought 
fomething remarkable,-dbuds of fome whitilh mat-- 
tcr, not much unlike flowers of zinc, floated on the 

fudace 
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furface of the fpirit of nitre in both die phials. The 
quantity of acid was fenfibly dimkiilhed in both; and 
carefiilly pouring oflFthe upper and lighter-coloured 
part of the acid in both the phials, I found that they 
yielded nitrous air in nearly the fame proportion, 
which was 2sfmr to nine j of what they had done be- 
fore; while Ac ftronger part of the acid, at the bot- 
tom of the, phials, yielded nitrous air in the propor- 
tion of /even to nine of what they had done before. 
: - Ihave found air to be diminilhed by the effluvia 
of nitrous ether. For the air which had been confined 
about a week, in a botde in which a quantity of ni- 
trous ether had been kept, was fo much injured, 
that two meafures of it, and one of nitrous air, oc- 
cupied the fpace of two meafores and a half. As I 
let a- good deal of cdmmon air into the phial, at the 
fame time that (not chufing to lofc it) I poured the 
ether out of it into another phial, I conclude that the 
air in the phial was almoft perfedtly noxious. 

I alfo found that air was injured by being expoled 
to frefh melted nitre. I had been led to make this 
experiment by obferving that nitre, when it is fofed 
by heat, yields air. Seeing this, I had the curiofity 
to try whether it would recover the air it had loft by 
being expofed to the common air, and at the lame 
time to obferve what effeft this expofure would 
have upon the common air, in order to judge what 

it 
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it was that nitre, in thofe circumftances, took from 
the air. And I find that common air, cxpofed to 
nitre in thefe circumftances, is a Ktde injured, but 
with fuch circumftances attending the^^^of it, as I 
had never obferved before, and which I cannot well 
account fbn The fefts were as follow. 

I melted about an ounce of nitre in a crucible^ and 
immediately placed it under a receiver ftanding in 
water, where it prefendy became folid. The next 
morning I examined the air in which it had ftood^ 
and found it to be not fo good as common ain 

Afterwards I melted Ibme nitre in a glafs- 
phial, and the veflel bemg broken by the expanfion 
of the nitre in cooling, I expofed the nitre to a quan^ 
tity of air confined by water, fo that the common air 
had accefs to it on all fides 5 ivhereas, in the former 
experiment, it had been contiguous to it at its fur- 
face only. After about a week I exatnined this air^by 
the teft of nitrous air, and found it to be confiderably 
worfe than common air ; twomeafures of it, and one 
of nitrous air^ occupying the fpiice of two meaftires 
only: whereas the mixture of common air made at 
the lame time, and with part of the fame quantity of 
nitrous ain was diminiihed as much as ufuaL I did 
not carry this experiment any fertherj as I did with 
another quantity of common air, which had likewife 
been expofed about a wecl^ to melted nitre in the 
fame circumftances. 
\oull. R Two 
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Two meajfiircs of this atr^ and one c^ nkrou% 
at firft occupied die fpace of little moire than two 
meafurcs ; but it kept condntially aj^roaching to 
the degree of dimimotion of a mixtinie of conunon 
air made at the fame time, tiU after fein* days the 
difference between them was v«ry (hiall. Whedunr 
after a longer time theie two mixtures would have 
been reduced to the vcrjr fame dlmrnfions, I cannot 
telL I made no more experiments of this kind, nor 
have I, in any odier refpedt, purfued this lingular 
kind of fedk any farther* 

I obierved that the vapour of marine acid does 
not injure air, and I had the faireft opportunity of 
trying thb; when I had expofed a quantity of this 
acid, in a glafi tube hermetically fealed, durmg icve-* 
ral months, to a iand heat. For the air within this 
tube, being examined &veral months after it had beei> 
expofed to that heat> was found to be not at all in- 
jured. The air which had been confined along with 
vinegar in the fame manner, and the fame ^ace of 
time, was fo far injured, that, with an equal 
quantity of nitrous air, the meafures of the tell 
were i.j^^ 
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SECTION X. 

^ ii^f^ ^ th« ^j^seiffum tf Witter Jr^fif 0^. 

NOTWITHSTANDING it has bcati a max- 
im with ch^niiis, that water ccmtra^b no 
union with phlo^fton> it is acknowledged that watet 
fiefh (li^lM acquires fbmething of" an empyreum^* 
tie nature^ which gives it an unpleafant flavour^ and 
which goes off by expofbre to the c^n air. Tha( 
diis vokdle ppncipld is phlogifton I thought that I 
had afcertained by expofing air to the influence of it4 

I took water frefh diftilied ii) cq>per, and filled 
a phia^ aboqt half full of it, and examining the aif 
nithifi ilhip phial about a month afterwards^ 1 foijnd 
it (6 mi^ phiogifticated, that one meafure d[ it and 
one of nitfous air occupied the ipace of i.ja 
meaf\ires i when^ with the ianle nitrous air gnd com- 
nooh ^ir, the fame meffijres were 1.0,2^ 

In this c^e it might be fufpe<9:ed that the phlo« 
giftoQ came from the copper. But a€ the fama 
time I made a fimiiar experiment, with a (imil^ re-^ 
iuk, on wat^r d^led in ^a&. In this caft thei« 
was m^re air^ and a fmalkr quantity of water in 1^9 
phiali but the time of e«|>o&ise was neariy the famei 
-^ R 3 and 
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and with this air the mealures of the teft were 1.0.6m 
It is probable that with more water, more tntae, 
and Icfs air, the rcfult would have been more conli- 
dcrably in favour of the water . hayiiig acquired 
phlogifton in the aft of evaporation, without any 
communication with fubWances that are thought to 
contain it. This experiment, however, is fufficiendy 
fimilar to the others I have redted, in which rheriJ 
b^t had the fkme^ effeft as the communication of 
phlogifton. However, the true escplanation of thefe 
appearances is, fliat water frefli diftiUed, is dilpofed 
jtQ irpba^e pure air, which, accoixlinglyy may be ex- 
pelled from .wai»r that has been- long expofed to it. 

To thefe obfcrvations on the phlogiftication, as I 
have called k> of air by means of .waiter, I Ihall add 
others in which pWc^ifticiatedair was, in fome degree, 
purified by agitation in it; which, thou^ I did not 
fufpeft it at the time, muft have. been owing to purer 
air from the water^ mixing with the mpre impure air 
agitated in it» 

Having rendered inflammable air perfedkly in-, 
noxious by continued agitation in a trimgb of 
watery deprived of its , air, I concluded that, other 
kinds of noxious air might be reftored by the 
fame means ; and I prefently found that this was the. 
cafe with putrid air, ^ven of njore.than a year's fkad-: 
ing. I fhall obferve once for all, that this p];ocefs 
has never failed to reftore any kind of noxious ait oa 

which 
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which I have tried 'it, viz. .'air injured Ijy: re^&atioil 
or putrefaftion, air infeftcd with the fiimcs of bum* 
•ing charcoal, and irfcalcined nietals,'air in' which a 
mixture of iien fiMngs and fulphur, or that in which 
.paint niade of white lead and oil, Ijas ftood, or ait 
which has been diminiflied by a mixture (^nitrous 
air. Of the remarkable efFe6t. which this procefe 
has on nitroiis air itfelf^ an account h^s b^en ^ven in 
its proper place. 

If this procefe be made in water deprived of air^ 
cither by the air-pump, by boiling, or by diftiUation; 
or if frefh rain-water be ufed, the air will always he 
diminiihed by the a^tation; and this is certain^ 
the faireft method of making the experiment. If 
the water be /r^fh'pump-water, there will always be 
an increase of ^e air by agitation, the air contained 
in the water being fet loofe, and joining that which is 
in the jar. In this cafe, alfo, the air has never failed 
to be reftored; but then it might be fufpefted that 
the melioration was produced by the addition of 
fome more wholefomc ingredient. As thefe agita- 
tions were made in jars with wide mouths, and in a 
trough which had alargefiirface expofed to the com- 
mon air, I take it for granted that the noxious ef- 
fluvia, whatever they be, were firft imbibed by the 
water, and thereby tranfmitted to the common at- 
|Tioljphere. In fome cafes this was fufficiendy indi- 

R 3 cated 
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Idnds 6f watlt)^ ^i* 4t^A to d»fr feff^ ^ <<e«ttw 
mot) air agititl^d k ^bem, m4 "^^hicik i ash not y^ 
fibte to asGCduhl: fof , If I ag'ftftted l£<5ftiMbn ak in Iht 
jw aieer of a deeij) w^tt, hear «tiy ho^fc in Gatne^ whic4i 
is hard, but clear and fweet, a candle ^^utd not bu^A 
m it after thre^miittm Titefamb^itoftthibtaftVirith 
|te Tiin-^^acer, which I g6t from tte rdof of m^ 
fa6ufe* l^ut in diiilillbd Mrater, <yf ibie water of 4 
^Ivmg'WeU near the houle, I %it&ted the air about 
Wcnty mpiutses, be^re it would be fo ifiudk iigtiitd* 
It may be%wdi while tx> m^fee farther ei:p€t^ems 
imh rc^(^ to this prtsperty ,oF wafer, 
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SECTION XL 

« 

Of the Effluvia of Flowers in j£r. 

TH E aftion of a plint confidered as fimply ve^ 
gitaiing in dir \$^ tiding quite difFerent from the 
efFefl: that the exhalation of the flowers, and perhaps 
other particular p^rts of the plant, may have upon it. 
Smell, the old chemiils faid, was an indication of phlo^ 
^fton» and I find that the moft delicate flowers in- 
jure th^ air mudi more thm I had in^ag^ed. No- 
thing is fweeter than a riffe, and yet the fra^^^ant ef- 
jSbjviaof it is far ^om being £ivourabie to the air in 
which it is cojafined. 

On the 2Sth of June I confined a full blown red 
rofe in about four ounce mealures of common air, 
having covered it with a iinall glals jar ftandii^ in 
water; and I obferved that, the next day^ the air 
was fo much injured, that one naeafiire of it, and 
another of nitrous air occupied the ipacc crif 1.75 
meafl^resi fo thai: I doubt not that any animal would 
fcave expired iiiamediately on being put into it. The 
4ay following the meafures of the teft were i .9, and 

R 4 the 
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and the day after fomething more. Notwithftand- 
ing this, when the rofe was withdrawn, it did not 
fcem to have loft any thing of its agreeable fra^ 
grapcie. 
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SECTION XIL 

Of the EffeSl of the eUEtric ^fark on 4ir^ 

AI R is dimjnifhcd and rendered noxious by. 
the eleStric fpark, though I had no expefta- 
tion of diis eyent when I made the experiment. 

The experiments which I made with eleftricity 
were folely intended to afcertain what has often been 
attempted, but, as far as I know, had never been 
fully accomplifhed, viz, to change the blue colour 
of liquors, tinged with vegetable juices, red. 

For this purpofe I made ufe of a glals tube, 
about one tenth of an inch diameter in the infide, 
as in PI. II, fig. 16. In one end of this I cenient- 
cd a piece of wire ^, on which I put a brafs ball. 
The lower part from a was filled with water tinged 
blue, or rather purple, with the juice of turnfole, 

or 
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or archil. 'This is eafdy done by ah air-pump, 
the tube being fer in a veflfel of the tinged water. 

Things being thus prepared, I perceived that, 
after I . had taken the eleftrlG fpark, between the 
wire ^, and the liquor at a, about a minute,, the 
upper part of. it began to look red, and in about 
two minutes it was very manifeftly fo ; and the red 
paf t, which was about a quarter of an inch in length, 
did not rea4ily mi^ with the reft of the liquor. I 
obferved alfo, that if the tube lay . inclined while 
I took the fparks, the rednefe extended twice asJfer 
on the lower fide as on the upper. 

The moft important, though : the leaft expefted 
obfervation, . however, was that, in proportion .as 
the liquor became red, it advanced nearer to the 
wire, {o that the ipace of air . in which the fparks 
were, taken was diminifhed; and at length I found 
that the diminution was about one fifth of the 
whole fpace ; after which more cledtrifying pro- 
duced no ienfible tfftGt, 

To determine whether the caufe of the change 
pf colour was in the air, or in the ekStric mattery 
I expanded the air which had been diminilhed in 
the tube by means of an air-pump, till it expelled 
all the liquor, and admitted frefh blue liquor into 
its place; but after that, eleftricity produced no 
frnfible efFedt, either on the air, or on the liquor i 
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fo diat, as I then thoa^t, it was evident, ^stt the 
eledric matter had decompoiibd the air, and had 
made it depofit iomediing that was of an acid na«- 
turc. But Mr. Cavendiilh has proved that nitrouB 
' add was formed in ths proceis by an union of the 
dqslhlogiflicated and phlogKHcated air in coifnmon ain 

In order to determine whether the wire had 
contrfcutcd any thing to this eflfea, I ufed wires 
of different metals, iron, copper, brais, and fiiver ; 
but die relult was the veiy lame with them 
alL 

It was alio the fame when, hj n^ans of a bent 
^a£ tube, I made the eledric Q>ark widiout any^^ 
vire at all, in the following manner. Each leg 
of the tube, PL li. fig. 19, Hood in a baibn of 
quickiilvers which, by means of an air-pump, 
was made to afcend as high as Uy a, in each le^ 
while the fpace between^ and i in each contained 
the blue liquor, and the fpace between i and b con*> 
tained comniion air. Things being thus ^poUcd, 
1 made die eledtric :^ark perform tkt circuit from 
one leg to the other, palling fix)m the liquor in 
cne leg of the tube to the liquor in the odier leg, 
ibiou^ die ipace of air. The d£^ was, that die 
fiquor> in both the legs> became red, and the ipace 
between them was oontra&ed, as before. 

Air 
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Air thiks dimifuifacd by ele6bicit3r mkkes no ef- 
lervefcente with, and ii no ferdier 4iinini{hed by, 
ft nuxture of mtitxas ;air 9 ib that it ftiuft ha^e been 
in the hij^ft 'degree noxious^ ttadrly like air di* 
imniihed tyy any tnher prcosls. 

I txK>k the deftiic ^atk in comitioi) ^ confined 
by quickfilvers and then^ admitting to it water 
tinged blue with the juice <3f tuiVii<^, it became 
red in ^t ipace of a dacy aiid two nights, but die 
colour did not diMige ^kMf. Alfo, alter thh 
the diminutioA was greats than it had been be- 

Having taken the de&ric fpark in common air 
upon qulckjGlver, as before, it was prefendy dimi* 
niihed as uiual; and the next day without any &r« 
ther eledhification, the diminution was more con^ 
fiderable. The third day I admitted to it the 
juice of turnfble, and in about an hour it appeared 
to be red at the top, but was not fenfibly diminiih* 
€d more than before. In lefs than a day it became 
wholly red, and then no farther diminudon was ap- 
parent. 

I took a quantity of water which had been made 
blue with the juice of turnfole, and which had been 
made feemingly red with the eleftric Ijpark, taken 
in the common air over itj but, on mixing all 
the parts of it together, it refumed its blue colour 

(die 
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(the blue colouring matter having only ilibfided to 
the bottom) fo that alteration in the conftitution of 
this liquor by this procefs, though manifeft to the 
. eye, is not, in fo£t, fo yery confiderable. It is 
evident, however, from the preceding obfervations, 
that. it could not be the mere concuffim ffvtn to 
the^r by the Ipark, or ihock, that had this effed: 
.upon it; becaufe when the air. was completely 
.diminifhed, the ipark or fliock had no efFed, and 
the liquor turned red when it was admitted to the 
air a long time after the operation of the eleftric 
Ipark upon it, while it was confined by quick* 
/liver. . 
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SECTION XIIL 

Of the EffeSt of putrid Marfbts on Air. 

• • • 

TO tjiefe feftiohs on the fubjeft of dimiriifhed/ 
and noxious air, or as it nriight have been 
called phlogifticated airy I (hall fubjoin a letter which 
I addreffed to Sir John Pringle, on the noxious 
quality of the effluvia of putrid marfhes, and which 
was read at a meeting of the Royal Society, Decem- 
ber i6, 1773. 

This letter, which is printed in the Philofophical 
Traiifaftions, vol. 74, p. 90, is immediately fol- 
lowed by another paper, to which I would refer 
my reader. It was written by Dr. Price, who has 
fo greatly diftinguilhed himfelf^ and done fiich emi- 
nent fervicc to his country, and to mankind, by his 
calculations relating to the probabilities of human 
life, and was fuggefted by his hearing diis letter 
lead at the Royal Society. It contains a confirma- 
tion l)f my obfervations on the noxious cfFefts of 
ftagnant waters, by deduftions from Mh Muret^s 
account of the Bills of Mortality for a pa|-ifh fituated 
among marfties, in the diftrift of Vaud, belonging 
to the Canton of Bern in Switzerland. 

To 
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To Sir JOHN PRINGLE, Baronet. 

DEAR SIR^ 

Having purfued my experiments on different 
kinds of air confiderably farther^ in feveral x^ii^t&s^ 
than I had done> when I prefented the laft account 
of them to the Royal Society ; and being encouraged 
by the favourable notice which the Society ha$ 
been pleafed to take of them, I flutU continue my 
communications on this fubje^. But, without wait-^ 
ing for the refiilt of a variety of proceffes, which 
\ have now going on, or of other experiments, 
which I propofe to make, I fliall, from time to 
pme, communicate fuch detached articles, as 1 
Ihall have given the moft attention to, and with 
refpcft to which, I Ihall have been the moft iuc-» 
cefifiil in my enquiries. 

Since the publication of my papers, I hav€ read 
itwo treatifes, written by Dr. Alexander, of Edin- 
burgh, and am ei^ceedingly pleafed with the Ijpirit 
cf philofophical inquiry which they difcoven T^cy 
appear to me to contain many new, curiouS| an4 
valuable ctofervations 5 but one of the (mcbjfimf 
which he draws from his experiments, I am fatif- 
fied, from! my qwu obfervationSy \» ill founded, vA 

from 
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from die nature of it, muft be dangerous. I 
mean his maintaining, diat there is nothing to be ap^ 
jM-ehended from the neighbourhood of putrid 
marihes. 

I was particularly lurprifed, xo meet with fiich an 
<^inion as diis, in a book infcribed to yourielf, who 
have fo clearly explained the great mifchief of luch 
actuation, in your excellent treatife^» the dtfe^tfescf 
ibe army. On this account, I have thou^t it not 
improper to addrefs to you the following obferva- 
tions and experiments, which I think clearly demon- 
ftrate the fallacy of Dr. Alexander's reafbning, ih- 
dilputaWy eftaWifli your doftrine, and indeed juftify 
the apprehenfions of all mankind in this cale. 

I think it probable enough, that putrid matter^ 
as Dr. Alexander has endeavoured to prove, will 
prefervc odier Itrbftancesfrompucrefaftionj becaufe, 
being already faturated with the putrid efflinriom, it 
cannot readily take any more; but Dr. Alexander 
was not aware, that air thus loaded with putrid ef- 
fluvium is exceedingly noxioxis. when taken inta 
the lungs. I have lately, however, had an oppor- 
tunity of fiiUy ascertaining how very noxious fucb 
air is. 

Happening to ufe at Calne,^ a much largfisr 
trough of water, for the purpofc of my experiments,, 
ilian I had done at Leeds, and not having frefh water 
^ near at hand as I had there, I negleded xo change 

1 «». 
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it, till it turned black, and became offenlivei but by 
no means to fuch a degree^ as to deter mc from 
making ufe of it. In this ftate of the water^ 1 ob- 
fcrved bubbles of air to rife from it, and efpecially in 
one place, to which fome Ihelves, that I had in it, 
direfted them; and having let an inverted glals 
veflel to catch them, in a few days I colledted a con- 
(iderable quantity of this air, which iflued Iponta- 
neoufly from the putrid water 5 and putting nitrous 
air to it, I found that no change of dolour or dimi- 
nution enfued, fo that it mutt have been, in the 
higheft degree, noxious^ I repeated, the fame ex* 
periment feveral times afterwards, and always with 
the fame refiilt* 

After this, I had the curiofity tg try how wholc- 
fome air would be afFefted by this water j when, to 
my real furprife, I found, that after only one mi- 
nute's agitation in it, a candle would not bum in it; 
and, after three or four minutes, it was in the fame 
ftate with the air, which had iflued Ipontaneoufly 
from the fame water. 

I alfo found that common air, confined in a glaf^ 
veflel, in contaSl only with this water, and without 
any agitation^ would not admit a candle to burn in it 
after two days. 

Thefe fafts certainly demonftrate, that air *which 
either arifes from ftagnant and putrid water, or 
which has been for fome time in contaft with it,. 

muft 
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muft be very unfit for relpiration ; and yet Dr. 
Alexander's opinion is rendered fo plaufible by his 
experiments, that it is very poffible that many per- 
fons may be rendered fecure, and thoughdefs or^an- 
gcr, in a fituation in which they muft neceffarily 
breathe it. On this account, I have thought it 
right to make this communication as early as I con- 
veniently could; and as Dr. Alexander appears to 
be an ingenuous and benevolent man, I doubt not 

but he will thank me for it. 

I am, &c, 

, In all the preceding experiments, there is a re- 
markable diminution of common, or refpirable air, in 
proportion to which it is always rendered unfit for 
riefpiration, indilpofed to efiervefce with nitrous air, 
and incapable of farther diminution from any other 
cauie. 

All thefe procefles, I obfeiVed, agree in this 
one circumftance, and I believe in no other, that 
the principle which the chemifts call phlogifton is fet 
loofe J and therefore I concluded that the diminution 
of the air was, in fome way or other, the confequence 
of the air becoming overcharged with phlogifton, 
and that water, and growing vegetables, tend to re- 
ftore this air to a ftate fit for relpiration, by imbib- 
ing the fuperfluous phlogifton. 

For this reafon I faid, in the firft account of thefe 

experiments, if it was thought convenient to intro- 

VoL. IL S duce 
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duce a new term (or rather make a new application 
of a term already in ufe among chemifts) it mi^t 
not be amifs to call air that has been diminiihed» 
and made noxi(His by any of the procefies above 
mentioned^ or others fimilar to them» by the com* 
mon appellation of fblogifticated air. 

Mr. Lavoifier> however, has proved diat in ali 
thcfc phlogejlu proce/fesy as I termed them, of air, 
the purer, or dephlogiftlcated part of it, is abibrbed, 
though he does not admit that any thing is emit-« 
ted. In what I fliall advance on the lubjedk of 
phlogifton, reafons will be given for concluding 
that both thofe things take place at the fame, de- 
phlogifticated air uniting with the phlogifton emit» 
ted from the fubftance to which the air is expofed, 
and forming with it either nitrous acid> or fixed 
air. 



PART 
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PART III. 



MISCELLANEOUS OBSERVATIONS RELATING TO 

PHLOCISTICATSD AIR« 



SECTION I. 

1. Of the Purity of jtSr in dtjffvrent Circumfiantes. 

WHEN I firft difcovered the property of ni- 
trous air as a teft of the wholefomenefs of 
common air, I flattered myfelf that it might be 
of confiderable praAical tife, and particularly that 
the lur of diflant places aad countries might be 
brou^t and examined t(^ther, with great eale 
and iatisfadion; but I own that hitherto I have 
rather been difappointed in my expe&ations from 
it. My own obfervations have not, indeed, bqen 
m^iy ; but according to them the difference of the* 
open air in different places, as indicated by a mix- 
ture of nitrous air, is generally inconfiderable ; and 

S 2 ,1 h^ve 
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I have reafon to think that when very unwholefome 
air is conveyed to. a great diftance, and much tinrie 
elaples before it is tried, it approaches, by Ibnnte 
means or other, to the ftate of wholefome air. At 
leaft fuch I found to be die Worft air that has 
at any time been fent to me into Wiltlhire from dif- 
tant mariufa6turing towns and workfhops, &c. m 
them, where the air was thought to be peculiarly 
unwholefome. I am fatisfied, however, from my 
own obiervations, that air may be very ofFenfive 
to the noftrils, probably hurtful to the lungs (and 
perhaps alfo in confequence of the prefence of 
phlogiftic matter in it) without^the phlogifton be- 
ing fo far incorporated with ity as to be difcoverable 
by the mixture of nitrous air. 

I gave feveral of my friends the trouble to fend 
me air from diftant places, efpecially, from itianu- 
fadtliring towns, and the worft they could find to 
be actually breathed by the manufadurers, fuch as 
is known to be exceedingly ofFenfive to thofe who 
vifitthem; but when I examined thofe fpecimejis 
of air in Wiltftiire, the difference between them 
and the very befl air in this county, which is 
efteemed to be very good, as alfo the difference 
betwieen them and fpecimens of the bed air in the 
counties in which thole manufaiduring towns arc 
liluatcd, was very trifling. 



Mr. 
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Mr. Boulton of Birmingham was fo obliging as 
tO: fend me a great variety of fpecimens of air from 
that maiiufafturing town, along with an account 
of his own examination of them by the teft of ni- 
trous air. I fhall only note his account of four 
of the fpecimens, including the bell and the worft, 
and reducing his numbers to my own. 

Meafure«. 

The air in a garden near the new church 1.39 
The bottom of the old church fteps, veiy ' 

low and clofe - - - 

The middle of Mr. Taylor's manufa<Elory \ ' ^ 
The horn button manufactory 

When I examined them myfelfi on the i ath of 
December, 1777, the former was as nearly as pof- 
fible the fame with the air of pretty high ground 
in Wiltftiirej fo that the difference between the 
wofft air in the manufaftories at Birmingham, and 
very good air was .o6» On the 3d of July fol- 
lowing, I examined the remainder of the fame fpe- 
cimens of air again, and found the difference between 
them and good air to be .02 s wd at the end of 
Oftober it was only .oi. 

Dr. Percival alfo was fo good as to fend mJe 
fcveral fpecimens of air from Manchefter, and one 
from his country houfe at Hart-hill, about three 
miles from Manchefler, the higheft and healthieft 
fituation in that part of the countiy. The air t)f 

S3 this 
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^ place was nearly the £une with that of WUt« 
fhire^ and when I examined the Specimens he 
lent n)e on the jd of July» 17784 themei^uits 
of the teft for diis air were iat^ of the air from 
a weaving ihop in Mamhefter 1*3051 and of die 
uiarHet place 1.295. ^^ difitrence therefore be-* 
tween the former and pure air was only ,035> and 
of the latter only, .025, 

The worft air that I have yet found breathed by 
men, and diat was ient from a diftance, was kern 
a coal-pit in the neighbourhood of BriftoL For 
the difference between good air and that which was 
taken in die fhaft of the pit ten yards below the 
i9outh was *o7, and between dbe fame a|id that 
which was taken where the men were at work 
was .21. 

Mn William Vaughan took the trouble to pro- 
cure me a fpecimen of air from a calico printing 
houfc, which was exceedingly offenfive, and \ have 
no doubt of its haymg been taken very properly, 
and having be^n well fecured from all communica- 
tion with the. ej^ternal air; and yet whep I examin- 
ed it in Wiltfhire the difierenf e between it and 
good common air was. only .oi. 

Mr. S, Vaughan, fcnior, on his palfige from 
Jamaica, brought me two bottles of air, one from 
the hpld of the fhip, intolerably offenfive, the other 
the frelh air above deck about 30' N. but the difr 

ference 
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fereribe between theie fpecicnens of air, and the air 
of Wiltfhire, was quite inconfiderable. 

I have frequently taken the open air in the 
moft expofed places in this country at different times 
of the yeoTy and in different ftates of the weather y &c« 
but never found the difiei-ence fo great, as the in- 
accuracy ariiing from the niethod of making the 
trial might eafily amount to^ or exceed. 

a. Of the State of the jUr in Hot^hmfes. 

There is generally a fenfe of oppreffion, or dif- 
ficult refpirationi felt on entering a bot-houfej which 
ieems to proceed firom fomething different from 
mere heat; for we feel nothing of that fenfation 
in an equally warm, well sured room; but my 
obiervations on thb kind of air would not have 
indicated any luch thing. On the 3d of June^ 
1778, I took the air in three feveral hot-houfes 
adjoining to each other, but having different de- 
grees of heat, and found that one meafure of that 
air and one of nitrous air occupied the fpace of 
1.29 meafures; when the refult of the fame ex- 
periment with the external air, taken at the fame 
time, was i.iy, a difference certainly very incon- 
/iderable, 

S4 3-0/ 



264 OBSIRVATIONS OW PoTt IIL 



3. Of the State of the Air in Dining-Rooms. ' 

L^arge and lofty rooms are generally preferable to 
fmall and low. ones* But this is only the cafe when 
the fame company confine themfclves in it the fame 
fpace of time, with the doors, &c. fhut; for, having 
more air to breathe, it will certainly require more 
time to contaminate it. But when the company is 
large, or proceffes are going on that will effcftually 
contaminate the air (as many candles burning in the 
room, hot viftuals, continuing a long time upon the 
tablc> &c.) a fmall room is much preferable, unlefs 
there be an opening in the top of the large room, 
that will eafily promote a change of air in it. Be- 
caufe the occafional opening of the door in a fmall 
room will generally produce a iufficient change of a 
great part of the air j whereas the height of the door 
bearing but a fmall proportion to the height of a large 
and well proportioned dining room, the opening df 
the door, or even its continuing open, has very little 
efFeft. The extreme ofFenfivenefs of the air in thefe 
. circumftances is not perceived by perfons who 
fit in it from the beginning, but it is immediately per^ 
ceived by perfons who ftep out of the room, and 
return to it, 

c Dining 
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Dining one time in a company of not more than 
eight or ten perfons> in a large and very lofty room; 
and being called out prefently after the cloth was re- 
moved, I was much ftruck with the offcnfxvencfs xif 
the air on my return; and being willing to afceriain 
the degree in which it was injured, I took occafion on 
fome pretence or other, to pour the water from one 
full decanter into another, and putting in the ftopper, 
iaw that nobody opened it till the company feparated, 
I then took the decanter into my laboratory, and ex- 
amined the air at my leifurej when it appeared to be 
much contaminated. For one meafure of this air, 
and one. of nitrous air, occupied the fpace of one 
1,31 meafures; when the fame experiment being 
made with the air of a well ventulated room in the 
fame houie, the meafures were i,25. At the fame 
time I breathed a quantity of air till it juft extin- 
guiihed a candle, and found that the meafures were 
1 .43, So that, had the air of the dining room re- 
ceived a little ipore than twice as much more phlogif- 
tic matter, asitwaschargcd widiby the breathing of 
thefe eight or ten perfons, the effluvia of the viduals, 
&c. a candle would not have burned in the room. I 
would advife, therefore, that when fuch large dining 
rooms are built, provifioh be made for letting out 
the vitiated air at the top of them. For breathing 
fuch contaminated air fo long a time as it is now 

the 
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the cuftom to do^ at and after dinner> mv&, be veiy 
hurtful. Oliierwife if it were not inconvenient on 
other accoiBits, it would be better to have the dinner 
in one room^ and the defert in another* 



SECTION IL 

Cftbe Manner in wbicb Jir is pHopfticatei hy Mmts 

pfiifiammiAle 



HAVING been led h^ various cxperioiems to 
expe£b» and even to believe^ that common air 
is ufually f^ogifticatod by aAually decoinp(^ng a 
iinall quantity of inflammable air> admitted to it in 
its naicent ftate (notwitbftanding lai^ quantities c^ 
inflammable air ready formed have no fenfible efieft 
upon it) I wiihed to afcertain fo extraordinary a bSc^ 
by fome experiments of a more decifive nature> and 
with that view 1 made the following. 

Firft I took a pot of iron filings and fulphur^ 
which I had found to have been in a fUtc of yieldii^ 
inflammable air in water about three noonths, and 

which 
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which I therefore prefumed would continue for fomc 
time in the fame ftate. This pot being introduced 
to a quantity of obmmon air made no addition to it» 
but diminifhed k, and phlogifticated it as ufual. 

I then took a quantity of this mixture, which had 
yielded inflammable air niany nK>nt}ife, in a veffel of 
water. * On the aiid of September I introduced fome 
common air into the ve^ in which it was contained, 
and on the 26th of 0<%ober I c^ferved that, diough 
this mixture, now covered with watsr, had dirown 
\ip bubbles of air> which mixed with the common air 
on the foriBure of the water, that air was fenfibly di* 
minifhed, though not more than one tenth in all, 
and being examined was fosind to be phlogifticated, 
and to have nothing inBamnruble in it. At the 
iame time a quantity (^ dephlogiilicated air, expoled 
in a (imHar manner, was diminifhed from eleven and 
a half to one third; and from having been very pure, 
the meafures of the teft, with two equal quantities of 
nitrous air, were now 1.24, A candle burned in it 
better than in common air, but there was nothing 
inflammable in it. 

- Butthemoft decifive experiment diat I madeof this 
kind was the following* • A quantity of iron filings 
and furphur were mixed, and put into a phial filled 
up with water, on the 24th of June 1779, and on 
the 25 th of July following it had yielded a quantity 
of inflammable air, which was then all taken out$ 

and 
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and on the 2 2d of September more inflammable air 
was produced,about two ounce meafures in all. Having 
by this means fatisfied myfelf that this mixture was 
in a ftate of yielding inflammable air, I introduced to 
it a quantity of common air (the phial having been 
always kept inverted in a bafon of water) and on the 
26th of Oftober I found the common air very con- 
fxderably diminilhed. This air then being thrown 
out, the mixture was kept in the phial, now filled 
with water. In thefe circumftances, it continued to 
yield air, and when an ounce meafure and a half 
was produced, which was on the 24th of March 
J 7 80, 1 examined it, and found, it to be ftrongly in- 
flammable. There could therefore be no doubt 
but that the common air in this experiment had 
been diminiflied and phlogifticated by an addition of 
inflammable air in its nafcent flate, or rather after it 
was completely, though but newly formed. 

I do not by anyxTieans infer that, becaufe com- 
mon air was diminifhed in this cafe, in confequence 
of an accefliion of inflammable air in its nafcent 
ftate, that it is never diminifhed in any other man^ 
ner ; but perhaps it will be found that all the fub- 
ftances which we know to phlogiflicate common 
air are likewife capable of yielding inflammable 
air, if not in the temperature of the atmofphere, 
at leaft by means of beaty ox in fbme other pro- 
ipefs. This I found to be the cafe with metals. 
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and it has been feen to be fo, in one inftance, with 
liver of fulphur, and it is reniarkably the cafe with 
all putrefaftive fubftances. Vaults containing hu- 
man excrements arc often found to abound with in- 
flammable jur, and they, like other putrefaftive 
ilibfbances, diminlfh common air. 

The preceding experiments on the phlogiftica- 
tion of common air by means of inflammable air, 
led me to try whether a degree of heat fliort of ig- 
nition would not make a quantity of inflammable 
air, ready formed, part with its phlogifton to com- 
mon air. For this purpofe I mixed two thirds of 
common air with one third of inflammable air, and 
I kept them as hot as I could do without melting 
the glafs veflel in which diey were contained feveral 
hours J but afterwards they occupied the fame 
dimenfions as before. This air was confined in a 
glafs jar, the upper part of which was furrounded 
with hot coals, by means of the inftrument PL III. 
fig. 4. 

i then tried what length of time would effeft in this 
cafe; but though I always found a very fenfibie, 
and fometimes a confiderable diminution, the phlo- 
giftication was never completed, and the progrefs 
of it always flopped, without ever proceeding far- 
ther in any length of time afterwards. The follow-- 
ing fafts in proof of this it may be jufl: worth while 
to recite. 

A mixture 
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A mixture of one third inflammabk air and two 
thirds common air> which had beea confined by 
water from the 30th of June 1779* was diminifhed 
the i8th of March 1780 one twdfth» and burned 
with a lambent blue flame. 

A mixture of one third inflammable air and two 
durds common air, fiom fome time in the month 
of June i779> "svas diminifhed one thirteeenth on 
the 20th of July 1780 ; but \t had bean diminifhed 
nearly as much on the 5 th of O&ober prece^Jing. 
It burned with a confider^le explofion. 

Anodier quantity, one third inflammable air frairi 
marfhesy and two diirds common air, from the 
ikvc^ dme, was diminifhed one tenth ; but on the 
1 8th of March preceding it was diminifhed one 
twelfth, and then burned with a bliie flame. On 
the 20th of July 1780, it burned in the very fame 
manner. 

£xa£bly fimilar to thefe were the experiments 
that I made with various mixtures of dephlo^fti* 
cated air and inflammable air. Air one half in- 
flammable and one half dephlogifticated, mixed in 
June 177 9> was on the 20th of July 1780 diminifh- 
ed one fifth 5 but it had been diminifhed two thirds 
of this die 4th of 0£tober preceding. It burned with 
a confideraUe explofion. 

Another mixture of the fame kind, and made at 
the fame time, wasjon the 3d of July 1779, dimi- 
nifhed 
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niihed two elevenths^ and on the firft of January 
1780, itwasdiniuiUhed two fift)eeiithsiiK)re. On the 
aoth of July 1 7 8o> it was in d}e very fame ftate, atx) 
burned with a very confiderable exptofion* 



SECTION III. 

Of the EffeS rf Heater m pbkgifiicaiedr Air. 

IN die in&ncy of my experiments I concluded, 
that all kinds of atr were brought by agitadon ii> 
water to the fame Hate, the pureft air being partially 
phlo^ftlcated, and air completely phlogifticated 
being thereby made purer; inflammable air alio 
Jofing its inflammability, and all of them being 
brought into fuch a ftate, as that a candle would 
juft go out in them. This inference 1 made from 
all the kinds of air with which I was then acquaint* 
cd, and which did not requu*e to be confined by 
mercury, being brought to that ftate by agitation in 
a trou^ of water, the fur&ce of which was expoied 
to the open air ; never imagining that when die air 

I in 



aya obsxtitattoi^s oh Part IIL 

in my jar was feparated from the common air by a; 
body of water, generally about twelve inches ill 
depth (adding that within to that without the jar) 
they could have any influence on each other. I 
have, however, been long convinced that, impro- 
bable as it then appeared to me, this is a6hially the 
cafe, though a faft fo remarkable well deferves to 
be farther attended to. 

As I have no where recited any experiments 
which prove that this change in the ftate of the air, 
agitated in water, depends upon that water having 
fome communication with the atmolphere, I Ihall 
do it, here, after an account of fome other experi- 
ments, from which it is equally evident that, not- 
wifhftanding every poflible precaution, the air will 
be changed if there be that communication. 

I agitated, a quarter of an hour, about three 
ounce meafures of air, phlogifticated with nitrous 
air, in a veffel containing twenty ounces of water, 
which had been boiled feveral hours, and while it 
was very warm ; after which it was diminifhed one 
fixth, and was fo much improved, that the ftandard 
of it was 1.74. The next day I agitated the re- 
mainder of it another quarter of an hour in the 
water which had been boiled at the fame time, when 
it was diminifhed about one tenth, and the ftandard 
of it was 1.57, 

lalfo 
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I alfo agitated the fame quantity of air> phlogif- 
ticated with iron filings and fulphUr, in the fame 
manner twenty minutes, when it was diminiflied 
one feventh, and theftandard of it was 1.66* 

I afterwards expelled a little air from the water in 
which this air had been agitated -, and from that with 
which the firft of thefe experiments was made, I got 
air, the ftandard of which was 1.66; and from the 
water in which the fecond experiment was made, air 
of the ftandard of 1*33^ In thisT » candle would 
have burned. It is evident^ from the diminution of 
the air in thefe experiments, that part of it is ab- 
forbed by the water. But it is no lefs evident, as 
will appear by the next experiment, that the place 
of fome part of the air which had been abforbed 
was fupplied by a purer air, which the water had 
imbibed from the atmofphere. That water does 
imbibe the purer part of atmolpherical air, in pre- 
ference to that which is impure, is evident from 
the air that is expelled from it by heat. For if the 
water be clear, and free from any thing that is putref- 
cent, the air expelled from it is generally of the ftan- 
dard of i.o; whereas, that of the atmofphere, 
when the nitrous air is the pureft, is about 1.2. 

But the experiment which decifively proved that 
my former conclufion was fallacious was the follow- 
ing. After expelling all air, by boiling, from a 

Vol. II. T ' quantity 
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quantity of water> I put to it, in feparate phials^ 
air that had been phlo^fticated with iron filings 
andfulphuri and corking them very well, I left 
them with their mouths in water^ and occafion- 
aHy agitated them. After about two months I 
examined them> and X found both the air that was 
confined by the water^ and al(b that air which by 
heat I expelled from the water, completely phlo^ 
gifticated. The fame was the reftilt of a fimilar 
experiment, v\ Which the lur had been expelled 
from the waller by the air-pump. 



BOOK 
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BOOK VI. 

OF SOME KINDS OF AIR THAT ARE R£A< 
DILY ABSORBED BY WATER. 
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OF MARINB ACID AIR. 



SECTION I. 

^e IBJiory of the Di/cavery of this Kind of jSr. 

BEING very much ftruck with the refult of 
an experiment of Mr. Cavendifli's, related Phil. 
Tnmf. Vol. LVI. p. 157, by which, though, he 
iays, he was not able to get any inflammable air 
fiom copper, by means of ipint of fait, he got s^ 
modi more remarkable kind of air, viz. one that 
loft its elafticity by coming into contadt with water, 
I was exceedingly defirous of making myielf ac- 

T 2 quainted 



2^6 OBSERVATIONS ON PoTt M 

qiiainted with it. On this account, I began with 
making the experiment in quickfilver, which I never 
failed to do in any cafe in which I fulpefted that 
air might either be abforbed by water, or be in any 
other manner afFefted by itj and by this means I 
prcfendy got a much more dHlinft idea of the na- 
ture and effedts of this curious foludon. 

Having put fome copper filings into a fmall 
phial, with a quantity of fpirit of ialt* and making 
the air (which was generated in great plenty, on 
the application of heat) afcend into a tall glafs vef- 
fel full of quickfilver, and ftanding in quickfilver, 
the whole produce continued a . confiderable time 
without any change of dimenfions. I then intro- 
duced a quantity of water to it ; when about three 
fourths of it (the whole being about four ounce 
meafures) prefently, but gradually, difappearec), the 
quickfilver rifing in the Veffcl. 

Having frequently continued this procefs a long 
time after the admiffion of the water, I was much 
.arnufed with obferving the large bubbles of thfc 
newly generated air, which came through the quick- 
filver, the ludden diminution of thcrn when they 
came to the water, and the very fqaall bubbles 
w^hich went through the water. They , made, how- 
ever, a continual, though flow, increafe of inflam- 
mable air. 
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The folution of lead in the marine acid is attend- 
ed with the very fame phenomena as the folution 
of copper in the fame acid; about three fourths of 
the generated air difappearing on the admiflion of 
Water j and the remainder being inflammable. 

I had always thought it fomething extraordinary 
that a ipecies of air fhould loje its elajiidty by the 
mere contaSi of any thing, and from the firft fuf- 
peded that it muft have been imbibed by the water- 
that was admitted to it; but fo very great a quan- 
tity of this air difappeared upon the admiflion of a 
very fmall quantity of water, that at firfl: I could 
not help concluding that appearances favoured the 
former hypothefis. I found, however, that when 
I admitted a much fmaller quantity of water, con- 
fined in a narrow glafs tube, a part only of the air 
difappeared, and that very flowly, and that more 
of it vaniflied upon the admiflion of more water. 
This obfervation put it beyond a doubt, that this 
air was properly imbibed by the water, which, be- 
ing once fully faturated with it, was not capable of 
receiving any more. 

The water thus impregnated tafled very acid, 
even when it was much diluted with other water, 
through which the tube containing it was drawn. 
It even diflfolved iron very faft, and generated in- 
flammable air. This lafl: .obfervation, together 

' ■ T 3 with 
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with anodier which immediately fbUows^ led me to 
the difcovery of the true nature of this remarkable 
kind of air. 

Happening, at one time, to ufe a good deal c^ 
copper and a fmall quandty of ^irit of fait, in the 
generation of this kind of air> I was iurprized to 
find that air was produced long after, I coidd not 
but think that the acid mull have been iaturated 
with the metal ; and I alfo found that the propor« 
tion of inBammable air to that which was abforbed 
by the water cQOtinually diminiihed, dll, inftead of 
being one fourth of the whole, as I had firft ob-» 
ierved, it was not fo much as one twentieth. Upon 
this, I concluded- that this fubde ^ did not arile 
fi*om the copper^ but from the fpiritof < and 
prcfcntly making the experiment with the acid 
cnly, without any copper, or metal of any kind, 
this air was unmediatdy produced in as great plen* 
ty as before ; fb that diis remarkable kind of air 
is, in fa6b, nothing more than the vapour, or fumes 
of fpirit of fait, which appear to be of fuch a nature, 
that they are not liable to be condertfed by cold, 
like the vapour of water, and other fiinds, and 
therefore may be very properly called an acid air, 
or more rcftriftively, the marine acid air. 

When this air is all expelled from any quantity of, 
fpirit of fait, which is eafily perceived by the fub- 

fequent 
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iequent vapour being condenfcd by cold, the re- 
mainder is a very weak acid, barely capable of dif- 
folving iron. 

In my firft experiments on this Ipecies of air, I pro- 
cured it from fpirit of fait, but I afterwards, hit up- 
on a much lefs expenfive method of getting it, by 
having recourfe to the procefs by which the fpirit 
of fait is itfelf originally made. For this purpofe 
I fill a fmall phial with common fait, pour upon it a 
iinall quantity of concentrated oil of vitriol, and re* 
ceive the fumes emitted by it in a veffel pnevioufly 
filled with quickfilver, and flanding in a bafon of 
quickfilver, in which it appears in the form of a 
pcrfeftly tranjparcni air, being precifely the feme 
thmg with that which 1 had before expelled from 
the fpirit of fak. 

This method of procuring acid air is the more 
convenient, as a phial, once prepared in this manner, 
willluffice, for common experiments, many weeks; 
efpecially if a Htde more oil of vitriol be occafionally 
put to it. It only requires a little more heat at the 
laft than at the firlL Indeed, at the fiiit, the heat 
of a perfon's hand will o&en be fufficient to make it 
throw out the vapour. In warm weather it will 
even keep fmoaking many days without the appli* 
cation of any other heat. 

On this accjpunt it fhoold be placed whem there 
are no inftruments^ or any diing of metalf that can 
be corroded by this acid vapour. It is from dear- 

T 4 bought 
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bought experience that I give this advice. It may 
eafily be perceived when this phial is throwing out 
this acid vapour, as it always appears, in the open 
air, in the form of a light cloud; owing, I fuppofe, 
to the acid attrafting to itfelf, and uniting with, the 
moifture that is in the common atmofphere. 



SECTION IL 

:^be EffeSl of Marine Acid Air on Subftances containing 

Phlogifton. 

BEING now in the pofTeflion of a new lubje<£t of 
experiments, viz^ an elaftic acid vapour, in the 
form of a permanent air, eafily procured, and efFedhi- 
ally confined by glafs and quickfilver, with which it 
did not feem to have any affinity j I imm^ediately 
began to introduce a variety of fubflances to it, in 
order to afcertain its peculiar properties and affinities, 
and alfo the properties of thofe other bodies with re- 
Ipeft to it. 

Iron filings, being admitted to this air, were dif- 
folved by it pretty faft ; half of the air, difappearing, 
and the other half becoming infl^immable air, not 

abforbed 



SeH. IL MARINE ACID AIR. 28 1 

abforbcd by water. Putting chalk to it, fixed air 
was produced. 

I had not introduced many fubftances to this air, 
before I difcovered that by means of it, inflamma- 
ble air was produced from moft fubftances that con- 
tain phlpgifton. 

Inflammable air was produced, when to this acid 
air I put Ipirit of wine, oil of olives, oil of turpen- 
tine, charcoal, phofphorus, bees-wax, and even ful- 
phur. This laft obfervation, I own, furprized me ; 
for, the marine acid being reckoned the weakeft of 
the three mineral acids, I did not think that it had 
been capable of diflodging the oil of vitriol from 
this fubftance; but I found that it had the very 
fame effedt both upon alum and nitre; the vitriolic 
acid in the former cafe, and the nitrous in the latter, 
giving place to the ftronger vapour of Ipirit of 
lalt. 

The ruft of iron, and the precipitate of nitrous 
^r made from copper, alfo imbibed this air very 
faft, and the little that remained of it was inflam- 
mable air ; which proves, that thefe calces contain 
phlogifton. 

As fome remarkable circumftances attend the 
abforption of this acid air, by the fubftances above- 
mentioned, I fliall briefly mention them. 

Spirit of wine abforck this air as readily as water 
itfelf, and is incrcafed in bulk by that means. Alfo, 

when 
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when it is faturated, it diflblves iron with as much 
rapidity, and Hill continues inflammable. 

Oil of olives abforbs this air very flowly, and at 
the fame time, it turns almoft black, and becomes 
glutinous. It is alio lefs mifcible with water, and 
acquires a very diiagreeable fmell. By continuing 
upon the furface of the water, it became white, and 
Its ofFenfive fmell went ofF in a few days. 

Oil of turpentine abibrbed this air very faft, 
turning brown, and almoft black. No inflamma- 
ble air was formed, till I raifed more of the acid 
air than the oil was able to ablbrb, and let it ftand 
a confiderable time ; and ftiU the air was but weakly 
inflammable. The lame was the caie with the oil 
of dives, in the laft-mentioned experiment ; and 
it ieems to be probable, that, the longer this acid 
air had continued in contad with the oD, the more 
phlogifton it would have extrafted from it. 

Bees-wax abforbed this air very flowly. About 
the bignefs of a hazel nut of the wax being put to 
three ounce meafures of the acid air, the air wai 
diminifhed one half in two days, and, upon the 
admiflion of water, half of the remainder alfo dif- 
appeared. This air was ftrongly inflammable. 

Charcoal abforbed this air very faft. About one 
fourth of it was rendered immifcible in water, and 
was but weakly inflammable. 

Afmall 
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Afmallbit of /u&^i&^i/i,^ perhaps about half a 
grain, fmoked, and gave light in the acid air, juft 
as it would have done in common air confined. It 
was not fenfibly wafted alter continuing about 
twelve hours in that ftate, and die bulk of the 
jur was very litde diminifiied. Water being ad- 
mitted to it abfbrbed it as before, except about 
one fifth of the whole. It was but weakly inflam* 
mable. 

Putting feveral pieces of fidpkur to this air, it 
was abforbed but flowty. tn about twenty four 
hours about one fifth of the quantity had diiap* 
peared; and water being admitted to the remain- 
der, very litde more was abforbed. The remain- 
der was inflammabk, and burned with a \Axxt 
flame. 

Notwithftanding the affinity which this acid air 
appears to have with phlogifton, it did not at firft 
appear that it was capable of depriving all bodies 
of it. I found that dry wood, crufb of bread, and 
raw fielh, very readily imbibed this air, but did not 
part with any of their phlogiflron to it. All thefe 
fiibflances turned very brown, after they had been 
Ibme time expoied to this jur, and tafted very 
ftrongly of the acid when they were taken out ; 
but the flefb, when wafhed in water, became very 
white, and the fibres eafily feparated from one an- 
other. 
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r other, even more than they would have done if it 
had been boiled or roafted. 

But I afterwards obferved that, by giving it more 
time, it will extra<St phlogifton from fubftances 
from which I at firft concluded that it was not 
able to do it, as from dry wood, crufts of bread 
not burned, and dry flefli. As there was fomething 
peculiar to itfelf in the procefs or refult of each of 
thefe experiments, it may not be improper to men- 
tion them diftinftly. 

Pieces of dry cot^k wood being put to the add 
air, a fmall quantity remained not imbibed by water, 
and was inflammable. 

Very dry pieces of oak^ being expofed to this 
air a day and a night, ^fter imbibing a confiderable 
quantity of it, produced air which was inflammable 
indeed, but in the flightefl: degree imaginable. It 
feemed to be very nearly in the ftate of common 
air. 

A piece of ivory imbibed the acid vapour very 
flowly. In a day and a night, however, about half 
aA ounce rneafure of permanent air was produced, 
and it was pretty ftrongly inflammable. The ivory 
was not difcoloured, but was rendered fuperficially 
foft and clammy, tailing very acid. 

Pieces of heef^ roafted, and made quite dry, hut 
not burned, abforbed the acid vapour flowly ; and 

when 
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when it had continued in diis fituation all night, 
from five ounce meafures o( the air, half a meafurc 
was permanent, and pretty ftrongly inflammable. 
This experiment fucceeded a fecond time exaftly 
in the fame manner; but when I ufed pieces of 
white dry chicken flejbj though I allowed the fame 
time, and in other refpeAs the . procefe fecmed to 
go on in the fame manner, I could not perceive 
that any part of the remaining air was inflamma- 
ble. 

That inflammable air is produced from charcoal 
in acid air I ' obferved before. , I afterwards found 
that it may lilcewife be procured from fit-coaly 
without being charred. 

Inflammable air I had alfo obferved to arife 
from the expofure of ipirit of wine, and various oily 
fubftances, to the vapour of fpirit of fait. I have 
fince made others of a fimilar nature, and as pe- 
culiar circumftances attended fom'e of thcfe experi- 
ments, I fhall recite them more at large. 

EJfential oil of mint abforbed this. air pretty faft^ 
and prefendy became erf* a deep brown colour. 
When it was taken out of this dr.it was of the 
confiflence of treacle, and funk in water, fmelling 
difierendy from what it did before; but ftill tha 
fmell of the mint was predominant. Very litde or 
none of the air was fixed, fo as to become inflam- 
mable i 
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mahfe ; but more time wouU probably iuve pro- 
duced this efie£h 

Oil of furpentim was alfo much diickened, and 
became of a deep brown colour^ by being faturated 
with acid air. 

Eiber abibrbed acid air ytry faft^ and became firil 
of a turbid white, and then of a yellow and brown 
ccdour. In/>ne night a confiderable quantity of 
permanent air was jwoduced, and it was ftrongly 
inflammabk. ' 

Hairing, at one time, fully faturated a quantity of 
ether with acid air, I admitted bubbles of com- 
mon air to it, through the quickfilver, by which 
it was confined, and obferved that white fiimes were 
made in it, at the entrance of every bubble, for n 
confiderable time. 

At anodier time, having fully faturated a fmafi 
quantity of ether with acid air, and havmg left 
the phial in which it Was contained nearly full of 
the air, and inverted, it w^ by fbme accident over- 
turned ; when, inflantly, the whole room was filled 
with a vifible flime, like a white cloud, which had 
very much the frnell of ether, but peculiarly ofFen- 
iive. Opening the door and window of the room, 
this light cloud filled a long paflage, and another 
room. In the mean time the ether was feemingly 
all vanifhed, but feme time after the furface of the 

quick- 
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quickfiiver In which the experiment had been made 
wascoveredwithaliquordiat tailed very acid; arif^ 
ing, probably, from die moifture in the atmofphere 
actra&ed by the acid vapour with which the ether had 
been impregnated. 

Tlus ^ble cloud I attribute to the union of the 
moifture in the atmoi|diere widi the compound of 
the acid air and ether. I have fince faturated other 
quantities of ether with acid ^» and found it to be 
exceedingly volatile^ and inflammable. Its exhala- 
tion was aUb vifible, but not in fo great a degree 
as in die cafe above-mentioned. 

Campbar was prefendy reduced to a fluid ftate 
by imbibing acid air^ but there ieemed to be Ibme* 
diing of a whitifli iediment in it. After continuing 
two days in this fituation I admitted water to it; 
iounediately upon which the camphor rdumed its 
former iblid flace, and to appearance was the very 
fame (ufaftance that it had been before; but the tafte 
of it was add, and a very fmall part of die air was 
permanent^ and flig^y inflammable. 

As the acid air ieemed to have a near affinity with 
phlogilton, I expefted that the fumes of liver of fid- 
fbuTy which chemiih agree to be phl(^;iftic, would 
have united with it, fo as to form inflahimable air; but 
I was difappointed in that expedadon. Thisfubilance 
imbibed half of the acid air to which it was intro- 

5 duced » 
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duced 5 one fourth of the remainder, lafter ftanding 
one day in quickfilver, was imbibed by water, 
and what was left extinguiflied a candle. This ex- 
periment, however, feemed to prove that acid air and 
phlogifton may form a permanent kind of air that is 
not inflammable. 

I afterwards made another eTq5eriment of the famfe 
kihd, rather more decifive than the' former. I put 
feveral pieces of liver of lulphiir to a quantity of ma- 
rine acid air; when I ohferved that it preferitly be- 
gan to be abforbed, and it continued in that ftate till 
one-half of the whole had dilappeared. By this tune 
the liver of fulphur, which had been of a greenifh or 
yellowifh colour, became white. Afterwards rrioie 
liver of fujphur abforbed more of this air ; but tafier 
two days the pieces began to diffolve, and at length 
they becanrie one liquid mafs, the air ftiU dimihifhing 
very gradually. In this ftate I adnciitted water to 
the airs but by this very litde more of it was abforb- 
ed; and that which remained was about one-fourth 
of the original quantity, and extihgiiifhed a candk- 
The whole procefs was three days. 
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SECTION irii 

Mifreilofiiaus Oijervaiions rdaimg to marim add /Hn 

BEING detiurous of afcmswung whether the ma-^ 
rine acid air would con^ioe wkh the fame 
llibftances that the mariiie ac]ddiffi>l¥ed^ I m^e the 
trial with the flowers of zincaad red kadi and foijiui 
that both thefe fubftanoes abforbed a very great qtiaii- 
tity of that air. 1 therefore conclude that whether 
ihe marine acid be combined with wateri or n^tf j it 
ha& the fame affinity with thefe iarthy iiibAances* 

I found that two grains ^ a half of rain-water ab* 
forbed three ounce meafures of this air, aftcfr whidh. 
it was increased one third in its bulk, and weighed 
twice as n^uch as before; i^ that this concentrated 
vapour feems tm^ twice as heavy as rain-waten^ 
Water iinpregnated #ith it makes the ftrongeft Ipirit 
of ialt that I have ieen, diflblving iron with the 
TCycA, rapidity* Coofequendyj two tlurds of the beft 
fpirit of Ialt is nothing more than mere pblegm> or; 
water. 

The Allowing experiments are thofe in which the 
firmger adds were made ufe of^ and therefore they 
may afiifl us fardier to afcertain their affinities widi 

Vot. IL U certain 



496 OBS&HVATIONS Oif Pari f. 

certain fubftances, with rcfpeft to this marine acid ia 
the form of air. I put a quantity of ftrong concen- 
trated oil of vitriol to acid air^ but it was not at all af- 
fedted by it in a- day and a night. In order to try 
whether it would not have more power in a more con- 
denied ftate^ I cotnprefled it With an additional ^-- 
mofphere ; but upon taking off this prcflure, il c 
air expanded again^ and appeared to be not at afl di- 
miniftied. I alfo put a quantity of Arong^rif of 
nitre to it without any fenfible eflcft. - We may con- 
c4ude, therefore) • that the marine acid^ in this fonrr 
crf^aif, is notable to diflodge the other acids froQi 
their union with water. ; . . , » 

-Blue vitriol, yrhtch'is formed by the union of thcr 
vitriolic acid with copper, turned to- a dark green thc* 
irfcHfiieht it was put to thie acid air, which it abfor bed^ 
though flowly. Two pieces, as'4)ig as fiitiall nuts^ 
a*bforbed three ounce meafures of die ^r in about 
half an bote". T^he green colour was very fcperficial ; 
for it was eafily wiped or wafhed of?. 

GreeM Ofpperas turned to a deeper green upon be- 
ing' put irito tlhs.acid air, which it abforbed flbwly. 
White copperas abforbed this air v^ry faft, and was 
diflalved in it. . / .: » 

Sal atnTTWttiac^ being the union ofl|iirit of fait with 
Volatile alkali, Was- no more dSi&td with riiis acid 
air than, afr ' 1 feaVa bbierved before, comuion fait 
was. • ■'• *»^'' '•*-': ■ ••.;-..' 

When 
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When. I put a piece of nitre to this air! it \va5" 
prefently: furrounded with a white flime> which .'foon> 
filled the whole veflel, exa6Uy like the fume^hich 
burfts from the bubbles of nitrous air, when it is ge- 
nerated by a vigorous fermentation, an^iuch as.is^ 
&en when nitrouSs air is mixed with thiis acid air. In 
about a minute, the whole quantity of air was ab* 
Iprbed, except a veryiitde, which might be the com- 
mon air that had lodged upon the fur&ce of the fpirit 
pf &lt within the phial. I have fince repeated the 
experiment;^ but the refolt was nothing more than 
might have been predidedj for the nitrous acidj difr 
lodged from its bafe by the marine, had difiblved 
ibme of the quickfilver, and formed nitrous aif^ oc- 
cupying one-half of the . whole fpace that had beenl 
filled by the marine acid air. 

A piece of ahm expofed to this air turned yellowy 
abforbed it as faft as the nitre had done, and* 
wa» rcfduced by it to the form of a powder. It had 
the fame cfffeft^on borax. Comnion fait, as might 
be expeffed^ had no efiidk whatever on this marine 
acid air. , . ; i / ^ ^ 

4. 

: Fine white ^^^r abforbed this air (lowly, r was 
thoroughly penetrated with it, became of a-deep 
brown colour^ and ac<juired a fmell that was pecu- 
liarly pungent. . 

. A piece 6iqttkk4ime being put to about twelve or 
feukteen ounce meafuresof this acid air, and continue 
* ' - ^'l U a i^g 
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lAg in that fituatlon about two days, diere renvuned 
QM oiinoe meaiure of air that was 1X3C ab(bii)ed by waw. 

ttVy and it was ^rf ftrotigly inflammable, as much fo 
as a mixture of ha}f inflammable and half commotv 
air. Very particular care was taken diat no com^ 
men air ihixed ¥riib the acid air in this procds. At 
anodier time> flrom about half the quantity of acid 
ail above mentioned, widi much tefs quick-Mme, and 
in die fpace of one day, I got half an ounce meafiife 
of air that was inflammabk in a flight degree only. 
This experiment [»*oves that fome part of die phlo* 
gifton which efcapes from the fuel, in contaft with 
which the lime is burned, adheres to it. But I am 
very &r from thinking diat thecaufticity of quick* 
lime is at aB owing to dm circumftance. 

The remsuning experiments, in which this acid air 
was prindpaUy concerned, are of a mifcellaneogs na* 
tuie. 

I put a piece of dry ir^ to a quantity of this acid 
sir, taking it with a Ibrceps, which, as well as the 
^r.itfdf, and die quickfilver by whidli it had beol 
confined, had been expoled to the open sur fer an 
hour, in a pretty ftrong fiofl:. The moment it 
«ouciied the air it was dififolved as &ft a$ it wo«dd 
have been by being thrown bto a hot fire^ and 
the air was prefendy imbibed. Putdng fieih pieces 
of ice to that which was diffdved belbre, diey 
were aUb diflblved immediattly^ and the water diut 

pwcurcd 
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procured did mk freeise^agaki, though it was expofed 
a whole night> in a veiy intenfe froft, 

FISes and fpide)^ die in acid air, but not {b quickly 
tts ui nitrous air. This furpri^ed me very much; as 
I had im^ined diat nodiing could be more fpeedify 
fitai to all animal life than this pure acid vapour. 

Marine acid air exdnguifhes flaine, and is much 
heavier than common air; but how much heavier, 
will not be eafy to afcertain. A cylindrical glafs vef- 
fel, about three fourths of an inch in diameter, an^ 
four inches deep, being filled with it, and turned up- 
fide down, a lighted candle may be let down into it 
more than twenty times before it will bum at the bot- 
tom. It is pleafing to obferve the colour of the 
flanne in this experiment; for both before the candle 
goes out, and alfo when it is firft lighted again, it 
bums with a beautiful green, or rather light-blue 
flame, luch as is ieen when common fait is thrown 
into the fire. 

I fhaU conclude my account <^ theie experiments 
with obfcrving, that the ele6tric fpark is vifible in this 
acid air, exa£tly as it is in common air; and though 
I kept making this fpark a confiderable time in a 
quantity of it, I did not perceive that any fenfible al- 
teration was made in it. A litde inflammable air 
was produced, but not more than might have come 
from the two iron nails which I made ufc of in tak* 
ing the ijparks. 
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' At another time, having niade about fifty eleftric 
explofions of a pommpn jar, in a fm^ quantity of 
the marine add air, cqnfined in a giafs-iyphpli by 
quickfilver, I obferved that it was a tittle diminiihed, 
and that a fmall part of theandde of the glafs, next 
to the quickfilver, was tinged white. Water admi^- 
jted to this air abforbed fo much of it, that no exf>e« 
riment could be made on the remainder* 
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I Had no ' fooiiei* exHibited thit marine ^rfi/in the 
'form of air, than it occurred -to me that it 
•might be poffibleto exhibit the other acids aMb in 
thfe fame ilegant maiiner, divcfted of the water with 
■which they hftd hkherto^ been combined, and which 
muft neceflarily have beeh a. gneat 6bftru'<Sti<m to 
idler difcov^ ^ their ^real natures and affinities ; 
:b\}t4iot being a praflidaV^hemift/^nd livirig-ih^the 
.cotratry, 3«rKtrc -I'had no' acc'efsl-Ve any. perfon of 
diat profeflion ' (arid indeed not being' fulfieientfy ^ 
ahk to cxpiainnqgy-wtlhts) I ^irwt with many hin- 
'^diahces in the -proft/cution of my inquiries into this 
-iiibje6t. ^ ' 

My firft fchcme was to endeavour to get the 
mtriolk acid in- the Yorm ' of air, thinking that it 

U 4 would 
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would probably be eaiy to confine it by quickfilver $ 
for as to the nitrous acid^ its affinity with qqick^ 
filver is fb great, that I defpaired of being able to 
confine it to any purpofe. I thercfoie wrote to my 
fiiend Mr. Lane, to procure vac a qu^dty ofvola^ 
tile vitriolic acidy which is the common yitriolic 
acid combined with phlogiflon, at the time that 
I was intent upon the pro^cution of my former 
experiments y but by fome miibake of my mean- 
ing, a different diing from what I intended was^ 
lent me. 

Seeing Mr. Lane the winter following, he told 
me that if I would only )^eat any oily or greafy 
rnatter with p^ of vitriol, I ihoul^ certainly make 
f it the very, thing I wanted, viz. the vokuik, or /ui- 
^pbuTious vitrioUc acid} and accofdingly I meant to 
, have proceeded upon this hint^ byC was preveniDed 
, from pMrfuiflg it, by a yariety of engagements, 

Soni<5 tjip? -i^ter thi% I wa$ in company with 
Lord Sherburne at the /eat of Monf. Trudaine, at 
tMontigny in France i wJbeie, with that generous 
fnd liberal fpirif by wiuch that nobleman is difiin- 
.gujfhed^ he h^s $^ cam()lete apparatxis of philoib- 
.phical inftrumentsi with every other convetueiio? 
and afliftance for purfuing fuch philofbphical inj 
quiries as any of ki$ njume^ous goefts fhall chuie 
to entertain themfclycs . with. In this agreeable re- 
treat 
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trett I met with diat eminent philolbpher and 
chenuft^ Monf. Nfomigni, Member of die Royal 
Academy of Sciences; and converiing with him 
ufxm thb (ubjeft, he propoied our trying to con- 
vert oil of vitriol into vapour, by boiling it with 
^ pan of charcoal in a cradced phial. This fcheme 
not aniwering our purpofc, he next propoied our 
heating it together with oil of turpentine. Accord- 
ing we went to work upon it, and (bon produced 
a quantity of fome kind of air confined by quick- 
filvtr I but our recipient being overturned by die 
tiuddenhefi of the produftion of air, we were not 
4d>le to catch any nnorethan the firft produce, which 
was litde elfe than the common air which had lodg- 
^ed on die iurface of the liquor, and which appeared 
to be a litde phlogifticated, by its not being much 
afiedted by a mixture of nitrous air. 

Having no opportunity of repeating the experi- 
•ment at that time, I did nodiihg with a view to it 
till my return to England; when, on the 26di of 
I November, 17749 I relumed the operation, begin- 
.ning widi otive ml, and by the help of a more con- 
venient kind of glals veffil, reprefented fig. a^ PL IV. 
which I had procured for thele and other (imilar 
purpdes, I ^ found very little difficulty in the pro- 
iecution of die experiments. 

As I wilh that my i'eader may enjoy the benefk 
,of .my experience, I would caurion him, if he chufe 
. . to 
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.to repeat the experiments, not to put too mpch oij, 
.or any other fimilar fubftance,. tjo the oil of yitriol, 
in order ' to produce this air. I began witjlj; ijfing 
about one fifth part of common oil; leaving ipace 
enough, as I thought, in the phial, for the eJ)i)llition 
that might be occafioned by the produftlon.of air. 
But as foon as, the veflel was heated to a ciertain 
degree, the production of air was exceedingly ritpid ; 
and though I withdrew the candle which I Jiiad ap- 
plied to it for that purpofe^ the ebullition continued 
to increafe, till, the capacity of tljc tube not^ iKing 
fufEcJent for the tranfmiffion p£ the geperated air» 
the cork was driven out of the phial, and all the ' 
contents of it exploded. . , 

After this I only (lightly cohered the fpirit of 
vitriol in the phial with olive oil, and. then the 
' phenomena were fimilar to thofe in the foriner ex- 
periment, at • the fame time that the procefs .was 
. more manageable ; for, by applying or withdraw- 
ing the candle, as I faw occafion,^! got what quan- 
tity of air I pleafcd 5 and rem9ving the phial, in 
this ftate of ebullition, from one veflel to another, 
I filled feveral of them with this new Ipecies of air, 
. as eafily as I had been ufed to do it with the manne 
acid air; and the whole procefs was as pleafing 
and as elegant. Indeed, this manner of producing 
. air from fubflances contained in fmall phials, and 
receiving the produce in quickfilvcr, when it is. of 

fuch 
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fuch a nature that It cannot be confined by water^ 

' has neveir fiikd to ftrike every: perfon to whom I 

• h^ve flicked it. :: ; : . i-. 

. T^he monacnt that I faw theacid of vitriol af- 
Jinne die form of .' air by the addition of phlo^{b&b, 
I concluded- that the marine acid alio milft have 
been capable of being, exhibited in the firtie mari- 
ner, by hieans of the phlogifton which it naturally 

'ccnxains; and which is infeparable from it; aiid 
moreover, that, probably, fome portion of phlo- 

• gHlon may be neceflary to the volatility and elafti- 
cjtyofall lubftances whatever; fothat the marine 
acid air may not be precifely what I had before 
imagined, viz. the pure marine acid in the form of 
air ; but that, though it is by this means exhibited 
free from water, which, in a variety of refpeds, 
modifies and reftrains its aftion upon various bodies, 
it is ftill combined with a portion of phlogiik>n» 
Since, however, all the bodies with which we arc 
acquainted are, in fome degree, elaftic, being cap- 
able, at lead:, of being condenied by cold, and 
dilated by heat, it may not be poilible to feparate 
this principle intirely from any fubAance in nature ; 
and therefore, in a fenfe fuificiendy near the truth, 
it may ftill be faid that the marine acid air is nothing 
but the marine acid ; the phlogifton it contains be- 
ing fo fmall, as not to be difcoverable by any of 
the ufual tefts of its prefence. 

Before 
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Before any air is produced from die mixture of 
inflammable matter and oil of vitriol^ the ^Kiiole 
quantity becomes very black ; and a quantity of 
diis fpirity thus impregnated with phlo^on^ will 
yield many times more air than an equal quantity 
of the ftrongeft (pint <^ lalt; but I never nqea* 
. fared it with any exa&ne&. 

When the vitriolic add air is produced in great 

plenty, the top of the phial in which it is gencntei 

. is generally filled widi white vapdurs. . Thk air 

has alio the fame appearance as ijt is tranfinittcd 

/through the glais tdiie, and it is Ibmedmes <&&- 

coverable m the recipient* 
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Of VitrioUe Acid Ar from Meidbj ami other Suhftanca 

€ontmmng Pblogtfton. 

I Got no air from die oil of vitrid by any applica^ 
don of heat. But in attempdng to procure ic» I 
got it by means oifturcury^ in.a manner that I litde 
eiqpe£ted/and I paid pretty dearly for the ^icdvery it 
occafioned. Defpairing to get any air from the longer 
^)f£cation of my candles^ I withdrew them ; but 
be&M'e I could difisigage the phial from the veflel 
of quickfilvcf; a litde of it pafled throu^ the tube 
into the hot acidj when, infbmtly, it was all filled 
widi denfe white fumes, a prodigious quantity of sdr 
was generated, the tube dirough which it was tranf- 
^tted was broken into many jneces (I fuppofe by 
die heat that- was iiiddenly produced) and part of the 
hot acid being fpilled upon my hand, burned it ter- 
ribiy, fb that the efieft of it is vifible to this day. 
The infide of the phial was coated with a white* 
faline fubftance, and die fmett that iffiied from it 
was extremtdy fuffbcating. 

-This accident taught m^ what I amiurprized I 
ihould not have fufpe£ted before, viz. diat fome 

I mtfals 
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metals will part with their phlogifton (so hot oil of 
vitriol, and thereby convert it into a permanent elaC- 
tic air, producing the very fame efFeft with oil, 
charcoal, or any other inflammable fubftance. 

Not difcouraged. by the difagreeable accident 
above-mentioned, • the next day I put a litde quicks 
Jiher into the phial with the ground (topper and 
tube, along with the oil of vitriol ; when, long b^s- 
fore it was .boiling hot, air iflued plentifully ifroni it; 
and being received in a velfel of quickfilvcr, appear- 
ed to be genuine vitriolic acid. air, exaddy like that 
which I had procured before ; being readily imbib* 
cd by water, and extinguiflung a candk in the (zxnt 
manner as the other had done. A : white fait was 
formed j but what I thought a litde remarkable, was, 
that, whereas in all the former experiments the oil 
of vitriol turned black before it; yielded any air; 
this was not the cafe here ; fyvit continued colour-' 
Icfs and tranfparcnt during the whole, proceis. 

After this. I repeated the experiment with fevcral 
other metals; but with a confxderable variety in die 
refults. 

Putdqg pieces Qi iron wire into the oil of vitriol,^, 
a very fmall quantity of air was produced without 
heat; but this foon ceafing, I . applied the candle, 
when, with a degree of h^at, feemingly greater than 
th^t at which - the air had rifcn from the . quickfilver 
in the fame clrcumftanccs, air was produced in great 

5 plenty. 
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plenty. When I had got about three ounce mea- 
Ibres of it, I admitted water to it, and about four: 
fifths of the whole was prefendy abforbed. The^ 
renfiaiikler was inflammable, Inifning very red. 

Had the oil of vitriol been morfe concentrated, 
or had I continued the procefs longer, a greater pro- 
portion of the air would- probably have been acid,- 
and lefs of it inflammable. In this experiment the 
oil of vitriol became very opaque, being of a deep' 
grey colour. The iron which had undergone this: 
proceCs, and which I had laid afide without any ex- 
peftation, was, in a few days, covered with a whitifli^ 
duft ;' and after it had been wiped clean, was cover- 
ed again widi the fame matter. It is very much 
unlike the rufling of iibn in other circiimftances. 

' About one rfiird of the produce of air from zfer, 
was add, and die remainder inflammable. Indeed it 
was evident that the acid had a confiderable tSt& 
upon the 2lnc before the application of the candle, 
frnall bubbles of air continually rifing from it. The 
oil of vitriol, which had been ufed in this proccfe, 
after a long time, depofited a white matter, which i 
t\xy^o{e to htth^ flowers of zinc. 

- Cdpper-y treated in the fame manner, yielded air 
vftry freely, with about the fame degree of heat that 
quitkfilver had required, and the air continued to be 
generati^ with veiy little application of more heat. 
The whole produce was vitriolic acid air, and no 
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pare d[ it inflamntiable. The oil of vitricd Temained 
a longtime turbid> biK at length depofitcd a browa« 
iih matter. 

The folution oijiher in the iame manner^ had 
the very fame refult^ all the air being acidj and no 
part of it inflanimable. The oil of vitrid acquired ^ 
kind of orange-colour^ and depofited nothing. 

Widi a very great degree of hsdxkad yiekkd a 
litde air, which was wholly acid^ and had nodung 
inflammable in it 

GoU yielded no sur at all in this treatment; but 
the oil of vitriol acquired the fame orange-coloiur 
that it had when the filver had been heated in it. 

Neither had this treatment oi pUuina uvf fenfible 
efied. What I made ufe of was ibme which I hadr 
been favoured with fiom Dr. Irving, carduUy puig- 
cd from iron. 

In moft of thefe procefies, air ieems to iffue &otn 
the fdblbnces immediately upon the applica^oo of 
heat; and fometimes without it : and tlus firft pro* 
duce of air forms bubbles, which continue feme 
time on the fur&ce of the liquor. But it feoaoa 
to be nothing more than the common air which had 
adhered to the furfaces of tbofe fubftancesy or had 
been confined in the litde cavities near the iur6ce» 
when diey haj^ned to be roug^. For this ftem* 
ing produdion of air ibon ceafesj and no more is 

produced without a much greater degree of heaCi 

and 
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and when the genuine acid air begins tp rjlc, bubbles 
formed by it break inftantljr, like bubbles of air in 
Ipirit^f wine, and there is nothing like froth on the 
forface of the oil of vitrioL 

As fulphur is formed by the union of phlogifton 
with oil of vitriol highly concentrated and very hot, 
I imagined that by heating fubftances containmg 
phlogifton in vitriolic acid air, I could not &il to 
to produce fulphur s but I tried charcoal in this 
manner without the t&& that I had expefted frota 
It The heat of a burning lens thrown upon it in 
this acid air, only oiade it throw out diat quantity of 
the air, which, as I have obferved before, is condeni^ 
cd upon its furface, or imbibed by it. The air that 
was unabforbed after this operatiwi was In part 
fixed, and in part inflammdble,- having come from 
tjie charcoal. 

When I endeavoured to procure this air by the 
£iaie [M'ocefs from efber, about one half of the pro-- 
duce was permanent and inflammable. The oil of 
vitriol became perfedtly black by this means, as in 
heating other phlogiftic matters in it. Afterwards, 
heating the fame oil of vitriol and ether, about one 
fourth 5f the produce only was inflammable 5 and 
had I Continued to ufe the fame mixture, the pro* 
duce would probably have been lefs and leis inflame 
mable, and more purely acid, every experiment. 
Vofc IL XI once 
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I once had a quantity of concentrated acid of 
vinegar, from which I expelled air by heat, and 
found it very much, if not in all refpedb to refem- 
ble vitriolic acid air, and being informed that oil of 
vitriol was ufedin the preparation of it, I imagine that 
it was vitriolic acid air only, efpecially as I have not 
found any other vegetable acid liquor that wMl 
yield air; at leaft in a quantity fufficient for any 
experiments. I tried radical vinegar of the cryftah af 
verdegris reSiJiedy which was recommended to me, 
and made for me, by Mr. Woulfe, and alfo concen- 
trated acid made (rom/al diureticus, by Mr. Godfrey; 
but neither of thefe acid liquors, though the fmell of 
them Was extremely pungent, yielded any air by 
heat. 

Thecommon air expelled from the phial by the 
fleam of this vinegar, mixed with whatever acid vx- 
pour might come over along with it, ^I examined, 
after letting it reft upon quickfilver a whole nigh|, 
and I found it not to differ from common air. 

When, however, I tried this experiment with air 
that had lodged on the furface of oil of vitriol, into 
which I had put fome Jal diureticus, and which 
did yield a litd6 air, the common air did appear 
to be injured by the mixture, as in the ex- 
periment of the mixture of common and vegetable 
acid air. But then oil of vitriol being employed m 

this 
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this experiment, as well as in the preparation of the 
concentrated vinegar above-mentioned, it ia liable to 
the lame objeftion ; the acid of vitriol being, per- 
haps, volatiUzed by fome fmall portion of phlo- 
gifton. 
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0/ Water impregnated with Vitriolic Acid Air^ 

WATER being admitted to the vitriolic acid 
air abfbrbed it about as readily as the ma^ 
fine acid air; and by its union with it muft have 
formed the volatile or fulphureous acid of vitriol. 
Indeed the refult of this combination was fb obvi- 
ous, that I did not think it neceflary to make the 
experiment 

I often confidered what can make the very great 
difference between the common vitriolic acid, and 
water fully impregnated with the vitriolic acid air. 
To judge a priori^ from the analogy of other acids, 
one would imagine that there could be no great dif- 

X 2 ferencc 
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ference between them. Water impregnated with 
marine acid air is, in all refpcfts, the very fame 
thing with the common fpirit of fait, except that 
this acid may be made confiderably ftrongcr in this 
manner than any fpirit of fait made in the common 
way, and that it has generally lefs colour. Alfo 
water impregnated with nitrous acid vapour is the 
fame tiling with common fpirit of nitre, except that 
the acid thus communicated is more volatile, and the 
colour is changed. But water impregnated with 
vitriolic acid air differs moft remarkably from oil of 
vitriol. Its acidity is now become trifling to what 
It was ; and from being the moft fixed, and the 
ftrbngeft, it is now become the weakeft, and the 
moft volatile of all acids j the fmell of it being in- 
tolerably pungent, and almoft the whole of it eva- 
porating when it is expofed to the opftii air. 

This great difference feems, hols^ver, to be 
wholly occafioned by the phIogffl:on fuperadded to 
the vitriolic acid. This principle united to the acid 
in a manner neutralizes it, forming a kind of fid- 
phur, in which the acidity is, in a great meafute 
loft. To the phlogiftx)n, alfo, which it has now 
acquired is owing its extreme volatility, to both 
which properties phlogifton is known in Other cafes 
to contribute. The different maainer in which the 
vitriolic and nitrous acids combine with phlogifton^ 

aixl 
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tnd the various «fuits from thefe combinations^ 
may fiirnifh much matter for (peculation and expe- 
rimental inquiry, for which we now fcem to be ex- 
cellently well prepared. 

For a long time I concluded that water impreg- 
nated with vitriolic acid air was intirely incapable 
of diflblving any metal, fo as to yield inflammable 
air ; but at length I iucceeded in this experiment ; 
which convinced me that the acid is not eflentially 
altered in this procefs. For having completely fa- 
turated a quantity of water with vitriolic acid air, I 
let it condnue upon the quickfilver in which the 
procefs had been made, with a confiderable quandty 
of fuperabundant acid air upon it^ for about tea 
days ; both to produce a complete faturation, and 
likewiie to make, if pofllble, a more perfed con»* 
bination of the acid with the waten Then, de- 
canting it as gendy as poffibk, and leaving It in a 
phial with a fmall perforation in the cork, that the 
more volatile part might efcape gradually, I poured 
a quantity of the remainder upon fbme filings of 
zinc ; upon which, with the application of heat, a 
confiderable quantity of air was produced^ and this 
was all ftrongly inflammable. 

The quantity of <^aV/ in water impregnated with 
vitriolic acid air, may^ in fome meafure, be com- 
pared with the quantity of acid in the Ail of vitrioj 
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from which it is expelled, by the method which I 
made ufe of in the following experiment. I put to 
a quantity of oil of vitriol rather more copper than 
it could diflblve j and obferved that air was expelled 
till nothing fluid remained in the phial, and by this 
time the volatile acid which it had yielded had com- 
pletely faturated eight or ten times its bulk of water. 
The refiduum was blue vitriol, containing the 
crude oil of vitriol united to the copper. 

Now if the quantity of this oil of vitriol be elti- 
inated, and this experiment be repeated with a litdc 
more care, the exaft proportion of acid in the oil 
of vitriol, dSid in water fully impregnated with vi- 
triolic acid air, may be determined. Wlien the 
fait above mentioned was waftied in water, a blackifh 
matter was feparated from it ; but all the reft was 
pure vitriol, of a light green colour, but which 
became white, or grey, when it was dried by the 
fire. 

The greater degree of acidity in water impreg- 
nated with marine acid air, and its greater power 
of diflTolving metals, fo as to produce inflammable 
air, will not be wondered at, when it is confidered 
how much more marine acid air, than of vitrioUc 
acid air, the fame quantity of water will imbibe. In 
order to afcertain this, I took two fmall glafs tubes, 
clofed at one end, and put into each of them, as 

nearly 
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nearly as poflible, two grains of rain water, out of 
which the air had been pumped j nearly filling 
them, but fo that there might be room enough for 
the water to expand with the vapour they might 
imbibe, and then introduced them into jars filled 
with each of the kinds of air, ftanding in quickfilver. 
I then obferved that the water in the marine acid 
air imbibed it very faft, and diminiflied the bulk of 
it, in all, one ounce meafure and three quarters, 
whereas the water in the vitriolic acid air imbibed it 
v£ry (lowly, and, in all, not more than occupied 
the fpace of three pennyweights and fixteen grains of 
water; fo that water imbibes about ten times as 
much marine acid air, as of vitriolic acid ain 

The water faturated with marine acid air at this 
time was, as far as I could perceive, quite colour- 
lels, and it was fo ftrongly impregnated, that the 
warmth of my hand only made it abfolutely boil by 
the emiflion of its air, and it fmoked copioufly. 

Confidering the much greater quantity of marine 
acid air, than of vitriolic acid air, that a quantity 
of water will take up, I was rather furprized to find 
that when water was faturated with the latter, it 
could not be made to imbibe a greater quantity of 
the former than I perceived it to do ; though I was 
not furprized to find that when water was fully im- 
pregnated with the former, it fhould take but a licd^ 
liiore of the latter, in the following experiments. 

X 4 . Putting 
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Putting vitriolic acid air to water fuHy faturated 
with marine acid air, it imbibed but little, and that 
very flowly -, in all, about four times its bulk. It 
was obfervable, however, that the vitriolic acid air 
intirely difcharged the ftraw colour of the marine 
acid, and gave it a blueifh tinge. 

Having faturated a quantity of water with vitriolic 
acid air, it would pot afterwards take marine acid 
air, except in a fmall quantity, and very flowly. 
N. B. The bubbles of marine acid air, which burft 
in the fuperabundant vitriolic acid air, which lodged 
bn the furface of the water, emitted a white fiime. 

It is remarkable that water impregnated with vi- 
triolic acid air retains all its air when it is frozen, 
thou^ every other kind of air (if the liquor containing 
it can be frozen at all) is ieparated from it in the z£t 
lo( freezing. I have now farther obferved, that this 
ice finks in the liquor from which it is frozen, in 
which it refcmbles the ice of oil. This is a fad: 
which I barely mention, without having any theory 
p> account for it. 
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SECTION IV. 

Various Properties of vitriolic Acid Air. 

I. Vitriolic Acid Air andmcprine Acid Air compared. 

V!;lTRIOLIC acid air is equally tranfparent 
with marine acid air, and feenns to have no 
more afHnity with quickfilvers for when confined 
by quickfilver, the dimenfions of it arc not liable 
to any variation, excepting by heat and cold, ]\j£t 
like comndon air ; provided there be no moiilure 
in the recipient, or m the quickfiiven Asthere- 
iemblance between thefe two acid airs was fo giea^ 
it was natural for nie to have a view to the ex- 
periments I had made with the marine acid air, 
in conducing thofe that relate to the vitriolic acid, 
which the reader will eafily perceive. 

Like the marine acid air, this vitriolic acid air 
^xtinguilhes a candle, but without any peculiar ap- 
pearance in the colour of the flame, as it goes out^ 
or as it is lighted again, which is obfervable when 
the experiment is made with the marine acid dr. 
Vitriolic acid air is alfo heavier than common air ; 
for a candle being let down into a velTel filled with 
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it, was extinguilhed many times fu|Cceflively, and 
even after it had ftood a foil hour with its mouth 
cxpofed to the common ain 

This acid air bears to be expofed to cold, with^ 
out any greater diminution of its bulk than com- 
mon air is fubjeft to in the fame circumftances j 
which appears to me to be a fufficiently^ proper 
criterion to diftinguifti air from vapour. In a cer,- 
tain degree of heat, indeed, even water may be 
exhibited in the form of air'; but it is a degree of 
heat that far exceeds what is ufual in our atmof- 
pherej and in other cafes terms are applied to very 
great ufe, for the diftinftion of bodies, which, if 
examined with ftri6faiefs, would be found ultimately 
to run into one another, the difference between 
them being in degree rather than in kind: but a very 
^eat difference in degree affords a fufficient foun- 
dation for a difference in appellation. 

a* The Mixture of vitriolic Acid Air and Alkaline 

Air. , 

The phenomena which attend the mixing of 
alkaline air with the marine acid air, were fo ftrik- 
ing, that I had not been many hours in pofTeffion 
of the vitriolic acid air without trying whether the 
efFeft of the fame mixture with this acid air would 
not make a fimilar appearance, and the experiment 

5 fuUjr 
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ifuUy anfwered my expeftations. A like beautiful 
white cloud was formed the moment that thefc 
two kinds of air came into contaft, the quantity 
of air was diminifhed as faft as the alkaline sur was 
admitted, and the quickfilver rofe almoft to the top 
of the receiver. 

I obferved alfo, that when I put the alkaline air 
to the vitriolic acid air, the white cloud rofe im- 
mediately to the top of the veffel, as in the experi- 
ment with the marine acid air j which proves that 
the alkaline air is, in both cafes, the lighter of the 
two. In both cafes alfo, if the alkaline air be pro- 
duced firft, the acid air being admitted to it, forms 
a cloud which refts upon the quickfilver; never 
extending beyond a very fmall Ipace, and rifing 
only as the quickfilver rifes. The fubftance that 
is formed by the union of the alkaline air with the 
vitriolic acid air, muft neceflfarily be the vitriolic 
Jal ammoniac ; but I made no experiment to afcer- 
tain it. The quantity of this fait with which my 
receivers' are coated in thefe experiments is readily 
diflblved in water, as in the experiments with the 
marine acid air. This, however, it will be feen, 
is not the cafe with the fait that is formed by an- 
other of the acid airs with alkaline air. 

There was frequently, however, the appearance 
of lulphur produced upon the mixture of alkaline 
air with vitriolic acid air j for the infide of the tube 

would 
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would be covered with a perfeftly ycUow matter. 
But this colour goes off in time, and nothing but 
a white faline fubftance remains. This yellow ap- 
pearance I firft obferved when I had produced the 
vitriolic acid air from ether j but afterwards I found 
the fame effeft when it was produced from char- 
coal, and ftill more remarkably when it had been 
produced from copper. Why this yellow colour 
ihould not be permanent, I do not underftand. 

Being willing to try whether, by makiAg repeat- 
ed mixtures of thefe two kinds of air, I could not 
fix this colour, and colleft a quantity of the fub- 
ibince in which it inheres, I filled the fame jar al^ 
•ternately with each of thefe kinds of air, till all the 
infide of the veflel feemed to have got a good 
coating of this fubftance. But^ being expoied to 
the open air, the colour in this cafe alfo loon dif- 
.appeared, and the faline fubftance with which aU 
the infide of the tube was uniformly coated, be* 
came perfedly white. 

J. Vitriolic Acid Mr mixed with other Kinds of Air. 

The mixture of other kinds of air with vimoUc 
acid air produced no remarkable appearance what- 
ever. When, however, I had put a quantity of 
this acid air to a quantity of cbmmon air, in order 
to obferve whether the former might not part with 

fomq 
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fome of its phlogifton to the latter, though I per- 
cdrcd no immediate diminution of the bulk of air, 
iis in the mixture of nitrous and common -air; 
yet when they had continued together two days^ 
and water being admitted to the mixture had ab- 
ibrbed the acid air, the common air which remain- 
ed appeared, by the teft of nitrous air, to be con- 
fidfrably injured; fo that the pMogillon in the 
vitriolic acid air muft have united to fome part 
of the pure air contained in the common air, which 
is an efFedt that is not produced by the marine acid 
air when mixed with common air. In reality, the 
vitriolic acid air muft have attracted dephlogifticated 
air, from the atmofphere, and have thereby formed 
the common vitriolic acid. What effeft the vitri- 
olrc acid air would have had upon other kinds 
of air, had they continued together a longer timc;^ 
I cannot tell. 

A quantity of this acid air mixed with inflam- 
mable air ftood fome hours ; but when water had 
been admitted to them, I could not perceive cither 
that the quantity of inflanimable air was altered, 
or that its inflammability was in the leaft impaired. 

I once^ piit equal quantities of marine and vitri- 
olic acid air into the fame receiver, and obferved 
that they mbced without exhibiting any appearance 
Whatever; and wheh alkaline air was admitted to 
them, the appearance was the fame as if it had 
ieen admitted to either of them fingly, the white 
4 cloud 



3i8 OBSERVATIOKS ON Part IT. 

cloud rifing inftandy to die top of the veflcl. Had 
I, after the experiment, examined the Jdts which 
adiiered to different parts of the infide of the veflel, 
I might perhaps have difcovered which of the two 
acid airs was fpecifically lighter than the other; 
but I fulpeft that they were intimately mixed, and 
therefore that the fait was a mixture of the com- 
mon and the vitriolic fal ammoniac. 



/ 



4* Suhftances containing Pblogiftm expofed to vitriolic 

Acid Air. 

I thought it rather extraordinary, that whereas 
the marine acid, which is reckoned the weakcfl: of 
all the three mineral acids, Ihould, when exhibited 
in the form of air, be able to diflodge both the 
vitriolic and the nitrous acids from feveral of their 
bafes ; yet that this vitriolic acid, which is reckoned 
the ftrongeft of the three, when feemingly exhibited 
to equal advantage, by being divefted of the water 
with which it is ufually combined, Ihould not, in 
any inftance in which I made the experiment, dif- 
lodge either of the other acids from any bafis with 
which they were united. Nitre^ common Jalt^ and 
Jal ammoniac^ were all introduced to this air, with- 
out either afFedting it, or being affefted by it. 

Oils imbibe vitriolic acid air, and pretty rapidly, 
in proportion to their tenuity; though they can- 
not be made to imbibe fb much of it as water 

can 
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can. Being willing to fee the utnnofl: effeft of the 
impregnation of feveral kinds of oil with this acid 
air, I took about equal quantities of oil of turpea- 
.tine, olive oil, and whale oil, and gave each of them 
an opportunity of being fully faturated ; having ' 
kept them conftantly fupplied with frcfh air, when 
they had imbibed a former quantity, and frequently 
difcharging that part of the air which they could 
not imbibe, and beginning the procels a new. 

Both the whale oil and the olive-oil imbibed 
this air very flowly, being feveral hours in taking 
their bulk of it ; but whereas the firft efFeft of the 
impregnation of the whale-oil was imparting to it a 
reddifh colour, the olive-oil became quite colour^ 
lefs. In all, they both imbibed fix or eight times 
their bulk of this air. 

In this manner they continued in glafs jars con- 
fined by quickfilver about a month, when I obferved 
that the oil of turpentine was become of a beautifiil 
amber colour, the olive-oil was darker, and the 
whale-oil darker ftill ; and they all fmeUed extreme- 
ly pungent, by the efcape of the acid air from them. 
Their tenacity was not feemingly increafed. 

Vitriolic ether imbibes vitriolic acid air as readily 
as water imbibes it. The ether, however, was foon 
Saturated with it,^ and afterwards was, to all appear- 
ance, both as tranfparent, and as inflammable as be- 
fore. 

A piece 
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A piece o^ phojphorus remained a day and two 
nights in vitriolic acid air, without fenfibly affefting 
it. It gave no light in this air ; but the upper fur- 
face of it turned black, and the furface of the quick- 
filver on which it lay, had a deep yellow or blacldfh 
kind of fcum upon it, as if it had been in part dit 
Iblved by the acid. 

A piece of liver offulphuTy in three days, abiwbed 
the whole of a quantity of this kind of air, without 
fcnfibly afFefting the colour or appearance d[ the 
liver of fulphur. 

Char coaly which forms inflammable air, by being 
introduced to marine acid air, only abforbs the vi- 
triolic acid air ; which, however, it does pretty ra- 
pidly, and acquires a pungent ftnell from being ex- 
pofed to it, without producing any other effed: that 
I could perceive, I made feveral pieces of char- 
coal imbibe as much of this acid air as they could ^ 
but, after this, frelh pieces abforbed the remainder, 
io that the air had only been, as it were, condcnfed 
on its furface. This I have obfcrved to be the cafe 
with alkaline air, and in fome experiments with other 
kinds of air which cannot be confined but by quick- 
filver; and I do not clearly underftand it. The 
charcoal, in this experiment, was made very dry, 
or it might have been fulpefted th^ the moifture ad- 
hering to it had abforbed the air* 

Vitriolic 
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, Vitriolic acid air diffolvcd camfbor pretty readily, 
ahd reduced it to a tranfparent liquor. Water 
being admitted to it, the camphor re-aflumed its na- 
tural folid fomi, but feemed to have acquired an aci- 
dity in its tafte 

Iron is readily diflblved in marine acid air, but it is 
mot at all afiedted by the vitriolic acid air ; though, 
when combined with water, it is fo powerful a men- 
ftruum for iron. But this> indeed, is the lefs extra- 
ordinary, as this acid ceafes to afFedt iron when it is 
ftrongly concentrated. I kept a number of iron 
hails in vitriolic acid air two days, without any fen- 
fible efFeft either upon the air, or the nails. There 
was no appearance of their being in the leaft cor- 
roded. 

I have noticed a very remarkable efFeft of alka- 
line air upon alum, rendering it white and opake, ts 
if it had been calcined, but without altering its figure. 
The fame, to appearance, is the efFeft of vitriolic 
acid air upon borax. This fubflance abforbed a 
pretty large quantity of this air in two. days. 
What renmined of the air extinguifhed a candle. 
But this efFeft was prdbably owing to a fmall pro- 
portion of fixed air that was produced at the 
lame time with the vitriolic acid air. I repeated 
this experiment with borax, and let the procels con- 
tinue three days, when the efFeft was precifely the 
fame as before, the borax retaining its form, bwt be- 

VoL II. Y ing 
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\t% rendered white and opake. The mA ak hariy 
no dbubti feized upon the Watfer which e»ce« int^ lis 
compofick)n> as I coi\J€£tufe to b€ th$ tuife with r^ 
%e6k t6 alkaline air and atum. 

As it is well known that the comttt&rt vitrit^t 
acid i^ chahged into TohtUe tr fulpftui^DUft acid of 
vitrrol by funics of charcoal^ if the 'tUSSA \ti whldh it 
is hea^ \^ d track ift it^ through Whkh (^ fumt^ 
<:an have atcds to the &C:id, I h^d the turiofity td tff 
wheAer d« fande effba wmild flot be pi-odtKied by 
headiig the ch^coal in the acid. Acedftfin^y I put 
fome bit& of chiinMl into my phial^ itiftead lof the 
t>il, or odier inflammdWe rrtattef > which I hid U^ 
-befort 5 and, applying tfee flame of a c*adle> 1 ptt- 
fcntly found that the vitriolic acid air was produced 
ffi well as in the former prcn:«fi, and in feveml re- 
ipeds mote conveniendy, the production of air be- 
mg more eqt^bte $ whereby thi^ 4i]B%f^abk t^St 
xi a fuddeft explofion is ^vcid^* 

It is neceflary, however, that the <:hareoal be very 
well burned, fo that all ^r be e^l^^^elfed from it; 
^therwife, there will be a mixt?ure of fixed <^t itt- 
flammabie aif alot% widi die kcid air, eTpeciatiy 
when a confiderable degr^ ^ he^t is ^plied to 
produce tiie air. Havk^ often got vkH^ add 
air from charcoal on acc&ant of the ^>j itnd equa*- 
ble produiStion c>f it in dii* manfter, I fdVerd tirties 
t>bf6rved ttKit there waft a confKkraUe iefiduum iSsx 

m 
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it had been expofed to water : and oncje I found 
that the rcfiduum made lime-water turbid^ a furc 
fign of its containing fixed air* 



SECTION V. 

Of tAing the EleShric Spark in Vitmiic Acid Ar. 

ONE of the moft remarkable obfervations dut 
I have made on vitriolic acid air was> 
that when the eleftric fpark is taken in it, the infid6 
of the giafs tube in which it is confined is covered 
with a blackifli fubftancej fo that the infideof the 
glafs through which the explolion paffed was uni- 
formly covered with a blackifh matteri and no- 
thing could be feen through it, and the air feemed 
to be iradier increafed than diminilhed. Water be- 
ing admitted to it, left fo litde of it unabforbed, that 
it could not be examined. Part of the blackifli 
matter was waflied off by the water. 

I have fince given more attention to dais curious 
circumftance, and have been happy enough to afcer- 

y 2 tain 
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tain flveral things of confiderable importance re- 
lating to it, though they are not fufficient for a com- 
plete theory of it. 

My firft wifli was to coUeft a quantity of this 
matter, enough for a chemical examination of it ; 
and for this purpofe I applied to my friend Mr. 
Vaughan, who favotrred me with his afljftance, 
and the ufe of his large machine, made by Mr. 
Nairne, on the fame plan with what which was 
made for the Grand Duke of Tufcany, defcribed 
in the Philofophical Tranfadlions. But though 
we gave a good deal of time to this bufinefs, 
' we did not get a quantity fufficient for my pur- 
pofe. 

I faw reafon, however, to conclude, that the 
whole of the vitriolic acid air is convertible into this 
black matter, but not by means of any union which 
it forms with the electric fluid j but as it fhould 
fcem, in confequence of die concuffion given to it by 
the explofion ; and that, if it be the cabL of the me- 
tal which fupplied the phlogifton, it is not to be 
diftinguifhed from what metal, or indeed from what 
fubftance, of any other kind, the air had been ex- 
trafted. Thefe ^particulars will be fufficiently 
evinced in the following experiments. 

I m;ide 1 20 explofions of a common jar in about 
a quarter of an ounce meafure of vitriolic acid air 

from 



'Sen. V. VITRIOLIC ACID AIR. 325 

from copper ; by which I found that the bulk of it 
was diminifhed about one third, and the remainder 
was feemingly not changed, being all abforbed by 
water. In the courfe of this procels the air was 
carefully transferred three times from one veffel to 
another ; and the laft veflel in which the explofions 
were made in it was, to all appearance, as black as 
the firft ; fo that this air feems to be all convertible 
into this black matter, whatever it be. 

Thinking this diminution of the vitriolic acid air 
might poffibly arife from its abforption by the ce- 
ment, with which the glafs tubes employed in the 
laft experiment were clofed, I repeated it, with the 
variation only of getting the air from quipkfilver, in 
2L glafs fyphon^ confined by quickfilver ; and obfcrv- 
cd that it was diminifhed, by the fame number of 
explofions, in about the fame proportion as before. 

That this matter comes from the vitriolic acid air 
and not from any combination of the eleftric 
matter with it, will, I think, appear from the fol- 
lowing experiment. I took the fimple eleftric 
ipark from a prime conductor of a moderate fize, 
for the fpace of five minutes, without interruption, 
in a quantity of vitriolic acid air, without producing 
any change in the infide of the glafs ; when, imme- 
diately after, making in it only two explofions of a 
common jar, each of which might be produced in 
Jffs than a quarter of a minute, with the fame ma- 

y 3 chine, 
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chine, in the fame ftate, the whole of the infidc of 
the tube was completely covered with a black mat- 
ter. Now, had the eleftric matter formed any uni- 
on with the air, and this black matter had been the 
refult of that combination, all the difference that 
could have arifen from the ixm-plt/park^ or the ex^ 
flofioriy could only have been a more gradual, or a 
vnovtjudden formation of that matter. 

Had I ufed tubes fmall enough, or a prime con- 
duftor large enough, I fhould, no doubt, have pro- 
duced this blacknefs with the fparks only. On the 
other hand,^ when I had filled a large phial, about 
an inch and a half wide, with this air, I found that 
even the expjpfion of a very large jar, (containing 
inore than two feet of coated furface, had no effeft 
upon it ; from which it fhould feem thal^ in thefe 
cafes, the force of the fhock was not able to give 
the whole quantity of air fuch a concuffion as was 
neceflary to decompofe any part of it 

At one time I bad litde doubt, but that the liiat- 
ter formed by thefe explofions in vitriolic acid air 
would be different, according to the calx of the 
metal, or other fubftance which had fupplied the 
phlogifton of its imagining that, together with 
phlogifton, fome of thie earthy part of the fubftance 
had alfo entered into the compofition of the air, an4 
re-appeared in this decompofition of it, in the form 
pf a powder. But, upon tbe^hole, I did not finct 

thai; 
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that Ais cpnje^trc wji^ wriSe^ t^ *8 fafts, vhich 
J htd gfnpraUy m^ck i^fe of i^j^^; \m when I 

fiOf 4 quftjfitiQ^ 'Of this air frwi ^uh^h^t P the ex- 
periment mentioned aboy^, f^c} ijfa when afiei^ 
ww4s, Iji far thifi v^ p^rppfe, pr(M?vred this air 

frwi ^huoft 1^1 the kifid§ of iubfta^c^ fr«^ which k 

c^ be pfqc\*r€dj the dearie fxplofiQo takpn ^) k 
produced the fame eflSi^, in clQ\iding the tiibe witfc 
the Wack nis^tmr, ^ it ha4 doi» iij the W ppc^red 
from copper. As fprne of thefe ejiperimentB were 

Attended wifib pecwliv cif cyovftances, \ Ih^U brkfly 

I was moft embarraiTe^ wh« I endeaTQured to 
get vitrioUe .^id w from k4dy putting n qwntity 
©f leodw (hot intp ^ phiri cQitfainiog oil of vitriol^ 
wd iip4)lying only the ufiirf degree pf beat, ^ coni- 
fider^hle qwwtity (^ air ws^ produced s b^t ^ftcr^ 
w^tds, icbough (h^ bie^ was incretfed «U the fK:id 
bpiled^ liQ moff ^if cggld bs gpc I imag^ej 
^hercibre, that, in thi^ e^e, the phl^gj^on had» in 
fii^^ been fiipj^ed by fomc^ng th«: had adhered 
tq the ihot* However, in the w A«; wa3 fi> pror 
dueed^ \ look the electric eicploTion, ^ in the fkjfk 
quantity that I tried, a whitifh nu^tter wa$ produced, 
almpft wvering the infide of the tubet But in the 

fucceeding experiments with air proc^yrod 6*9111 ite 
fame fhot, or from fomething adhering to it, there 

y 4 was 
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was lefs of the whitilh matter ; and at laft nothing 
but black matter was produced, as in all the other 
experiments. Water being admitted to this air, 
there remained a confiderable refiduum, which was 
very (lightly inflammable. 

Vitriolic acid air is eafily procured from Jprit of 
-wine^ the mixture becoming black before any air is 
yielded. The eledric explofion taken in this air 
^Ifo produced the black matter. 

If any of my experiments be capable of throwing 
light upon the fiibjeft of this black matter, it fhould 
feem to be thofe which I made with ether y by the 
help of which this air is as eafily procured as by 
any other fubftance containing phlogifton. In the 
air procured by ether the eleftric explofion tinged the 
glafs very bkck \ I think more fo than I had obferv- 
€d in any other experiment of the kind ; and when 
water had abforbed what it could of this air, there 
was a refiduum ia^which a candle burned wi^h a lam- 
bent blue flame. But what was moft remarkable in 
this experiment was, that befides the oil of vitriol 
becoming very black during the procefs, a black 
fubftance, and of a thick confiftence, was formed, 
which Iwam on the furfece of the acid, I coUefted 
a quantity of it, but I have not examined it with 
fufEcieht atterition. It may eafily be procured by 
flailing ether in the vitriolic acid. 
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The eleftric fpark, or exploiion, taken in commm 
fiivy confined by quickfilver, in a glafs tube, covers 
the infide of the tube with a black matter, which, 
when heated, appears to be pure quickfllver. This, 
therefore, may be the cafe with the black matter 
into which! liippofed the vitriolic acid air to be 
converted by the fame procefs, though the efFedt 
was much more remarkable in that than in commpn 
air. The explojion will often produce the diminution 
of the common air, in half the time that the Jimfle 
/parks will do it, the machine giving the fame quan- 
tity of fire in the fame time. Alfo the blackneis of 
the tube is much fooner produced by the fhocks 
than by the fparks. When the tube confiderably 
exceeds three tenths of an inch in diameter, it will 
fometimes become very black without there being 
any fenfible diminution of the quantity of air. 

I have fince found that this black matter is mer^ 
cury JuferpblogiJiic(Uedy the vapour of this metal, 
mixing with the air in all temperatures. This will 
be evident frpm the cx|)erimcnts under the ^ic]e 
Wcury, 
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« 

Of the Convcrtibiltty of vitriolic yfefdJir iptf vitriolic 

Jcid. 

TH E volatile vitriolic acid, though produced 
from the fixed vitriolic acid, is very confider- 
ably diflfcrcnt from it, efpecially as it may be dif. 
lodged from its bafis by the vitriolic acid, juft as 
other weaker acids are diflodged by thofc that arc 
thence called the ftro^ger. But that * volatile vi- 
triolic acid is capable, however, of being brought 
back to the flatc of the common vitriolic add, and 
becoming the lame thing that it originally wa§, fe- 
venil experiments fheiv. I had foynd that it was 
capable of diffolving iron and ^inc> and of pro- 
Ascing inflammable air, which is the property of 
oil of vitriol ; but I had a more decifive proof of 
the lame thing when, to water faturated with vi- 
triolic acid air, I had, for another purpofe, put 
fome earth of alum till it was faturated. For, 
after fix months, in which this folurion had been ex- 
pofed in an open phial, and one third of it was eva- 
porated, I obferved many tranfparent cryftals form- 
ed 
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ed ajt the bottom of the plibl, as well as an incrulla^ 
tion on the fides of the phial above the fur&ce of 
the liquor. Thefc cryftals were all triangular, of 
a confiderabk thicknels, connefted with each other^ 
and when examined appeared to be alunty which 
is known to be the faline fubftance formed bjr 
the fame earth, and the proper vitriolic acid. But 
the fefiowing experiments, in wluch it will ^pear 
that real fulphur b formed by means of the volatile 
vitriolic acid, exhibit a much more remarkable fa£t, 
and is another proof of the mutual convertibility of 
thefc acids into one another. 

Having ^xpofed various liquid fubftances to a con- 
tinued heat in a £uid furnace, among others I placed 
in it a glais tobe^ about an inch in diameter at the 
bottom^ tapering to a point at the tcp, about two 
feet and a half long, clofed hermedcally ; when I 
had put into it about an ounce meafiire of diftiUed 
w^er ftrongly impregnated with vitrioH^ acid akt 
with nothing more than a random expeftadon of 
ibme change or other taking place in it. This was 
on the 9th of September 1777^ but the refult was 
much more curious thaa I could poflibly have ima-* 
gined ^^mri. I Ihall note the appearances as I 
qbfcrved them, at the feveral intervals iij which I 
examined this tube. 

On the 30th of the fame rhonth this impr^- 
^ted water^ which continued traofparent to the 

end 
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end of the procefs, had depofited a fmall quantity' 
of black powder ; and alfo a bit of matter exaftly 
like Julphur about one eighth of an inch in diame- 
ter lay among it. Small pieces of thp fame mat- 
ter floated on the furface of the liquor, and ftreaks 
of the fame coated part of the infide of the tube 
an inch above the liquon From *the top of the 
tube to within about eight inches above the liquor, 
were beautiful white cryflallizations, like fpicula^ 
difpofcd irregularly, but generally in the form of 
ftars, the glals being perfeftly tranfparent between- 
them. 

In this fl:ate the tube continued, the cryftalliza- 
tions increafing, and feveral times changing their 
places, to the 20th of January following, when an 
end was put to the proceft. Excepting, however, 
a place of a few fquare inches near the fiirface of 
the liquor, all the lower half of the tube was quite; 
free from them, but from thence to the top it was 
pretty thick and equally covered, exhibiting a moft 
pleafing appearance. *' 

In order to obfcrve the time, and the manner of 
the formation of thefe cryflals, in a greater variety 
of circumftances, I placed in the fand furnace at 
different times, a ftrong glafs tube about nine inches* 
long, and a quarter of an inch in diameter, which 
I funk pretty deep in the fand, in order to give 
i? a greater degree of heats and alfo two tubes 

about 
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about four feet long, one of them half an inch, and 
the other a quarter of an inch in diameter, putting 
into the fhort tube a quantity of the impregnated 
water about an inch in length, and into the long 
tubes two inches and a half. 

The ftiort tube had been put into the fand on 
the nth of Auguft, and on the 30th of Septem^ 
ber following the liquor was tranlparent, but the 
top and part of the middle of the tube had many 
white flars like cryftallizations* 

Of the long tubes the fmaller had begun to have 
cryftallizations, about one third from the bottom 
in about a fortnight, and the wider in about ^ 
month. When they were examined on the 19th 
of January, 1778, the large tube had more cryftal- 
lizations than the fraaller, the greateft quantity of 
them about five inches above the furface of the 
liquor, but they were all on one fide of the tube^ 
and there were others about fix inches above thefe. 
There were alfo very many between the fiirface 
of the liquor and two inches above it. The fmaller 
tube had no cryftals near the furface of the liquor, 
but a good many about five inches above it, and 
the greateft quamtity was about eighteen inches 
above it. Neither of thefe tubes had any cryftals 
in two thirds of the upper part of them. 

Applying the flame of a candle with a blow* 
pipe to the fmaller of the long tubes above-men- 
tioned. 



1 
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tioncd, the ^afe was preBcd viofendy inwards j lb 
that it was tvident d«re was a dccreafe of claftic 
tnattcr within the tube, which therefore probably 
entered into the cryftals. If any part of Ae liquid 
touched the' hot glafs, a denfe white fume was ex- 
cited, exaftly like that from the oil of Titrioi. 
Taking off one half of the tube, and then opening 
it under water, it was half filled with Water, and 
the air within in it was completely phlogifticated, 
which agrees with my former obfervations, of the 
vitriolic acid air impardng pUogifton to common 
air, or rather of its imbibing dephlogifticated air^, 
and thereby forming vitriolic :gicid. 

When 1 heated the dry cryftak, the lame white 
cloud was raifed, and the cryftals were by this 
means dilperfed into a kind of duft, thatincrufts 
the glais. For I applied the heat on the outfide 
of the tube. 

The liquor itfelf was ftHl extremely acid, and 
the fmell of it very pungent i fo diat, probably^ 
only a fmall part of the vitriolic acid air with which 
it was impregnated had entered into thefe cryftal% 
numtrqus as they were. 

The cryftals were eafily ihaken off from the 
fide of the tube, when it was wafhed with the li- 
quor, and they continued undiflblved in it. 

The preceding obfervations were made prcfently 
after the tubes in which the cryftals were formed 

were 



\ 



were teken frcmi the fatid IfurMc&s a<^ in thh 
ihfie they continued near a year^ ift the courfe of 
which I had thawed them » federal of nay the- 
mit^l ftietrds) vtbio tx!ptttkd much (urprifce at the 
fight of diem^ At kngch I Opened the tube tiiat 
cootAined the. groateff q^wmviiy of diefe cryftals, 
fitft t)hferving that, when I fo6iened die glafs, it 
Wfts ftill pfelied imtatds^ 

The cryftalB* I found, Vircre ftot diflbhrcd in fpirit 
of fait, and when they had been wafhed, and df ied> 
^ey.h^d ^e.€olaur> and fit^ell d Jul^r^ and 
being kid on fi hpt iron buried with a blue flanfie> 
ib as to feavt fio doubt of the identity of the fub^ 
fiances* 

To form this .fulphur, I corgefture, that the 
vdatile acid^ iA this expanded and con&ied Hate, 
uniting with the dephlogifticated skt in the tube^ had 
fiiil fortified vitridic add ; aixl diat this, unidi3g with 
flhlogifboiu formed thfe fulpjiur. Tiie iatd U cef- 
tainly a f emarkable one. 

Having obferved thefc. curious «fFe(^s of the 
impregnation of water with vitriolic acid ^r, t 
cK^oied to die &tne heat, in fintiilar circumiQiances, 
ij^it of wine, and oil of turpendne^ faturated with 
the fame kind of air. 

The impregnated fpirit of wine, after bring ex^ 
pofed to diifi heat about a fortnight Was tranfparent^ 
but had many flender cryftak m . it, .and the gvc^ter 
part of the tube had a thick and whiufh incrufta- 

4 tion^ 
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tion, beginning about three inches above the lurr 
face of the liquor, and extending about twelve 
inches, but was thickeft in the middle. 

A fhort tube, containing a quantity of the fame 
impregnated Ipirit of wine, had . no incruftation, 
but many more cryftals, in the form of fpicula 
which fetded . to the bottom of the liquor. Another 
tube of the fame length had fimikr Jpicula, and 
near the top a confiderable incruftation not ipicu- 
line» 

The oil of turpentine impregnated widi vitriolic 
acid air, and expofed to the heat in this manner, 
from being of a light amber colour, became of a 
' deep brown. The tube in which it was contained 
was only eighteen inches long, and the upper half" 
of it was covered on one fide with white incrufta- 
tions not ipiculine. 

Whale oil impregnated w}th this air, from be- 
ing brown, had probably become almoft black. 
For the tube was broke, but had a very black in* 
cruftation towards the bottom, eipecially near the 
furface of the liquor. 

I alfo expofed to the fame heat tubes containing 
vitriolic acid air only, having firft filled them with 
quickfilver, then widi this kind of air, and after- 
wards fealing them hermetically with a blow-pipe ; 
and the refult was fimilar to thofe in which the 
impregnations were concerned. 



One 
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One tube of this kind that had been bwied in 
the hot fand on the i ith of Auguft, being examin- 
ed X)n the 30th of September, was found in the 
fc^owing ftate. The upper part of the tube was 
half covered with white cryftak, but much fmaller 
than thofe in the tubes containing the water impreg- 
nated with this ain 

Another tube containing the fame kind of air, 
which had been buried in the fand a longer time, 
was found quite covered with white cryftals, and 
a fmall part of the tube was black, probably from 
fome external accidental caufe. The end of this 
tube being broke under quickfilver, it filled one 
third of it, and water abforbed all that remained 
of the air, except a very fmall bubble. This water 
had the fmell of water impregnated with vitriolic 
acid air. 

I have feveral times repeated this experiment, 
and have never failed to find the infide of the tubes 
that had been filled with vitriolic acid air coated 
with this white matter; but it is io exceedingly 
flight, that I cannot make many obfervations upon 
it. I am rather lurprized to find that it does not 
feem to ht/ulfbur^ which is formed from the heat- 
ing of water impregnated with the fame kind of 
air. For fpirit of fait feems to diflblve it all. At 
leaft the tube is waflicd perfeftly clean with it. 

Vol. IL Z and 
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and T could not difcern any thing in that acid af- 
terwards. But this may be owing to the very 
fmall quantity of it, though it be fpread on io great 
a furface, and to the extreme minutcncfs. jof the 
particles of which it confifts. 



^ART 



St^^ /* tivOA Actb Atk. jjj^ 



PART IIL 



Of tLUOH AClb AiRi 



f 



SECTION 1. 

^e Di/ccvety &f tb^ Pluor Acid Ar^ and the Mprig^ 

nation of Heater mth it* 

TH E philofophicd part of the worid haVe^ of 
latCi been highly gratified by the difcovciy 
of a new mineral acid, contained in a fiibfiance 
which chemifts diflinguifh by die name of Jluor; 
but many of my readers will urklerftahd me 
better, when I inform them^ that it is of that Ipc- 
cies of ilibftance, which, with m^ is tailed tie Der^ 
hyftnre Jfari and of which,^ at prefehiv va^ and 
other ornaments for chimnies> are iifuaUy made; 
The acid is expelled from this fubftance by oil of 
vitriol, and has peculiar properties, as remarkable 
as any of the three other mineral acids which wc 
were acquainted with before. 

Z 2 Tkii$ 
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This curious difcovery was made by Mr. 
Scheele, a Sweden from which circumftancc die 
acid is often diftinguifhed by the name of the 
Swedijh acid. His method of operating upon this 
fubftance, and likewife that of all who have fuc- 
ceeded him in the inquiry, was to diftil it in glals 
veflels, as in the procefs of making fpirit of nitre 
from falt-petrc ; and the moft remarkable fadts 
that have been obferved concerning it are, that 
the veflels in which the diftillation is made are apt 
to be corroded j fo that holes will be made quite 
through them> and that when there is water in 
die recigient, die furfeo: of it will be covered with 
a criift, of a friable ftony matter. 

This cruft> which I Ihall diftinguifli by the name 
Qf die jhor crufiy Mr. Scheele fuppofed to be 
qtwt^ i and therefore concluded that this acid and 
water were the conftitiient parts of that fofiU. On 
the other hand> Mr. Boulaager, who has taken a 
great deal of pains with this iui:^6t, is of opinion 
that this new acid is onliy die acid rfjak^ combined 
widi an V earthy iUi^ance. For this opinion be 
advances various realbns ; but does not pretend (^ 
be abJe to produce any decifive proof The refak 
of my own> experiments, I diink^. prove^ that the 
fluor contains a pecul^r acid. 

As fix)n as I had exhibited oiie of the acids lA 

the form of air^ I had no doubt b« dw^, aH di* 

acid& 
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acids might be exhibited in the fame manner, and 
(this among the reft ; but I imagined Aat I fliould 
fifld great difficulty in procuring the foffil that 
contains it i fuppoiing that it had only been found 
in Sweden ; and I fhould prd:)ably have continued 
in this incapacity for making the following ejcperi-^ 
ments, had I not been relieved by Mf. Woulfe, who, 
wpon my inquiry concerning it, not only explained 
to me what the fubftance was, but immediately 
furnilbed me with a quantity of feveral kinds of.it, 
fufficient for my purpofe. That with which nniy firft 
experiments were made, was that which he called th 
white fhcjphoric Jpar^ from Saxony ; but afterwards 
I made ufe of the Derbyfttire Ipar ; and the pieces 
that I bad by me were partly white, or yellowilhj 
i^ partly purple. 

AH my advantage in die inveftigation of diis 
fub^cft, has arifen from my peculiar manner of 
condu&ing the experiments. For, by exhibiting 
the acid in the fornl of air, free from moifture, I 
had ^n . opport^mty of examining its nature ancj 
affinities with fl>e greateft eafe and certainty. In 
this mannier alfo, this fpecies of air exhibits a variety 
of ftriking phenomena, which caflnot be pf oducecl 
in any other manner of operating uf>on it. 

When I began thefc experiments, I foJlowe4 
the direftions given by thofe who had gone before 
me in the inveftigation of this fobjeft, and who 

Z 3 bad 
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Jiad procured the acid in the common method of 
fliftillation^ poinding the lluor (which I afterwards 
found not to be necelTary ) and pouring oil of vitriol 
upon it. This I did in a phial, to which was fitted 
a ground-ftopper and tube, and immediately found, 
that, at firft, without any heat, and afterwards with 
a very fmaJl degree of it, air was produced in great 
plenty, pcrfeftly tranfparent, and confined by quick- 
filver, like the other acid airs. The vapour, as 
it ifiued out of t;he tubp into the open air, formed 
a permanent whitp clopd ; iio doubt, by attaching 
%o itfelf die water that floated in the atmofphere* 
and the fmell of it was extremely pungent. 

I had no fooner produced this new kind of air, 
but I w^ eager to fee the effedt jt woyld have m 
water ^ and to produce the ftony cruft formed by 
their unjon^ ^s defcrit>ed |?y Mr. Scheele ,• and I 
was not difappointed in my expefbations. The 
moment the wat^r canae into contad with this air, 
the furface of it became white and opake, by z, 
ftony filmy yrhich, forming a feparation between thp 
air above, and the water below it, confiderably rcT 
tarded the afcent of the water, till the air, infinuating 
itfelf through the pores and cracks of thjs cruft, 
the water necel&rily rofe as the air diminiihed, an4 
breaking the cruft, prefented a new furface of wa- 
ter, which, like the former, was inftandy covered 
l«rith ^ frefh cryft. Thus was one ftpny ingrulUr 
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tion formed after another, till every particle of the 
air. was united to the water, and the different films 
being coUedted, and dried, formed a white powdery 
Ibbilance, generally a little acid to the tafle ; but 
when wafhed in much pure water, was perfeddy 
infipid. 

Few philofophical experiments exhibit a more 
pleafing appearance than this, which can only be 
made, by firft producing the air confined by quick- 
filver, and then admitting a large body of water to 
it. Moft perfons to whom I have ftiewn the ex- 
periment have been exceedingly ftruck with it. 
It is exhibited to the moft advantage, when the vef- 
fel that contains the air is pretty wide, by which I 
mean about an inch m di&meter. In this cafe the 
cruft will often crack in the middle, and a fmall 
jet of water rufhing through the fiffure, ^wllf* to 
appearance, be inftandy converted into this flx>ny 
fubftance, and look like a puff of white powder, 
riling fometimes an inch or two up into the air. 
Alfo the cryftaUtzationSy formed on the fides of th^ 
veflely as the water rifes in it, make a very beautiful 
appearance. 

The union of this acid air and water may alio 
be exhibited in another manner, which, to ibme 
perfons, makes a ftill more ftrlking experiment; 
viz. by admitting the ajr, as fitft as it is generated^ 
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to a large body of water refting on quickfilver, in- 
ftead of introducmg the water to the air previoufly 
formed. 

■ 

For this purpofe^ I ufually put two or three 
ounce meafures of water into a tall cylindrical jar, 
about an inch in dianmeter (fuch as thofe which 1 
generally ufe as recipients of thofe kinds of air diat 
muft be confined by quickfilver) and filling the 
remainder of the vcffel with quickfilver, I place 
k inverted in a balbn containing a quantity of the 
fame fluid; lb that the water, immediately rifing 
to the top, occupies the upper part of the velftl, 
while the quickfilver occupies the lower part. I 
riien introduce under it the end of the tube pro- 
ceeding from die phial, which contains the materials 
for genemting this -air. It isj then, very pleafing 
to obferve, that the moment any bubble of air, 
after paffing through the quickfilver, reaches the 
water, it is iriftahtly, as it were, converted into 
a ftone ; but cbntinriing hollow for a* fhort ipace 
of time, generally rifes to the top of the water, in 
tlie form of a bubble, or a- riiin white film. If the 
fucceflion of bubbles be rapid, and they rife freely 
to the top of the veftl^ dirough a large body^ of 
clear water (which, hovreyer, is not always the 
cafe, as they will fometimcs adhere to the upper 
furface of die quickfilver^ \ hayc met widi few 

perfons 
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perfons whayc foop weary of looking at it i and 
jfome co»ld iit by it almcA a whole hour^ and be 
agreeably amufed all die time. 

Every bubble of air, coming into contaft with 
the water on every fide at once, is like a blad-- 
der, being hollow within ; but this fli^t cruft foon 
burfting, the fides coUapfci and it rifes to the top 
of the veflcl> in the form of a piece of thin white 
gauze. The water foon penetrating every part 
tif ic, the whole mais of the& films becomes in a 
Jitde time like a jelly, which continually. thickens 
by the acceffion of more films, till at length the 
whole body of water fcems to become folidj fo 
that, being fiiUy faturated, eipeciaJly at the lower 
part, the air, finding no more moiihire within iti 
jjcach, win fill all the lower part of the veflel, 
dcpelling the quickfilver, wJiile the w^er, in die 
£)rm of a ftiff jelly, occupies aHL the upper part of 
|he veflel 

Asi for the purpofes to be mentioi^d here-after^ 
I have repeated - this cxperimcni: a great number 
of times, I have had an opportunity of obferving 
a very great variety in the appearances which it 
eriiibieSf^^ One is peculiarly pkaftng, but npt very 
ponjmon* A large bubble of air will- Ibnietimes 
adhere, by its lo^^r part^ ,to the fuiface of the 
quickfilver ; and another tiyWbte, rifing in the fame 
place,, before the lower partj of the former has been 
cjofcd, pufties oyt: the upp^r part pf it, and^ad- 
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vanckig farther into the water, extends the bubble 
in length : another follows, and does the fame, till 
at length a tube is formed (the fides alfo growing 
thicker continually) extending from the quickfilver, 
to the top of the water. I have feen of them four 
inches m length; and others biing formed clofe 
to them, the whole veffel has been almoft filled 
with thefe tubes, adhering to one another, ^f dif- 
ferent lengths, and not much unlike the appear* 
ance of the pipes that are placed in the fi-ont of 
an organ. 

In lefs than an hour, I have frcquendy convert- 
ed two or three ounce meafures of li^ater into this 
iblid mafs. When this is taken out of the yefiel^ 
and prefied, it will be found to contain a great deal 
of an acid liquor; the water impregnated with 
the acid having been intangled in the interftices of 
the jelly, out of the reach of the air : and if this 
liquor be uled in another procefs, inftead of pure 
water, more of it will feem to become folid, and 
the add liquor will be concentrated every time. 

By the repetition of this proceis, an acid liquor 
may be procured of a very confiderable degree of 
ftrength. There leems, however, to be a limit to 
its ftrength ; for the acid is exceedingly volatile, as 
is evident from its extremely pungent finell; fo 
that I have thought that I gained nothing by re- 
peating the procefs more dian eight or ten times i 
becaufe it was impoflible to transfer the water from 

one 
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one vefiel to another^ but more acid would be loft 
by evaporation^ than would be acquired by another 
impregnation with the acid air. 

Thefe appearances I now explain, by fuppofing 
that the acid of the fpar diflodged by the vitriolic 
^cid, in uniting with the fpar, is in part volatilized, 
appears in the form of air ; and that there is alio 
combined with this air, a portion of the folid earthy 
part of the (par, which continues in a ftate of folu- 
tion, till, coming into contaft with the water, the 
fluid unites with the acid, and the earth is precipi- 
tated. 

Before I proceed to relate any of the experiments 
which I made with this acid air, I fhall ^ve a few 
directions and precautions, which may be ufeful to 
perfons on their firft entrance upon this courfe. 

1. The tube through which this acid vapour it 
conveyed fhould not be very narrow, becaufe it is 
apt to be furred up, efpecially when any phial, con* 
taining materials for the production of this air, has 
been ufed fome time, and with a good deal of heat ; 
owing, I fuppofe, to the hot air retaining in folu- 
fion more of the ftony matter than it can do when 
\t is cold, and therefore depofiting it as it is con- 
yeyed through the tube. 

2. I began thefe experiments with phials which 
had ground ftoppers and tubes, but foon found that 
jt yras too expenfive a mode of experimenting with 

4 this 
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this kind of air i for they wer6 prefently corf oded 
and fpoiled. Afterwards, therefore, I ufed only 
common phials, but the thickeft that I could meet 
with J and ftill feldom found that they would bear 
the experiment above an hour. Very frequently^ 
the thickeft phials that I could get would be worn 
cjuite through in a quarter of an hour, when the 
heat was confiderable, and the produftion of the air 
rapid. This power of diffolving gkfe is a very re-, 
markable property of this air j but it feems to pof-. 
fels it only when it is hot, at leaft in any confiderable 
degree. 

J. When I wilhcd to produce this air pretty faft, 
I found it moft convenient to pound the Ipar, and 
pour the oil of vitriol upon it, filling one fourth of 
the phial with the fpar, and leaving one fourth of it 
for a fpace in which the bubbles might expand them- 
fclves, and break, fo as not to carry any of the li- 
quor into the tube. I now proceed to the particular 
experiments. 



SEC- 



Self. IL rtuoR acid air, 549 



SECTION n. 

Experiments made with a View to difcover the Confti- 

tut ion of Fluor Acid Air. 

I Thought it might poffibly contribute to decide 
the queftion concerning the identity of this acid 
and the marine, if I put a quantity of the fluor cruft 
to marine acid air ; thinking that they might form 
an union> and conftitute this fluor acid air. And, 
indeed, fomething fimilar to it was by this means 
produced j fo that another cruft was formed upon 
the admiffion of water to it; but, in other re- 
(pe<5b, feveral circumftances, which I cannot ex- 
plain, attended the expeririients. They were as 
follows* 

To about two ounce meafures of noarine acid air 
I put about a quarter of a grain of the fluor cruft, 
and in about three days it had abforbed about half 
an ounce meafure of the air. Water being then 
admitted to it, left a quarter of an ounce meafure 
of air unabforbed. 

Afterwards I conveyed marine acid air to a pretty 
large quantity of the fluor cruft, confined by quick- 

5 filver J 
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(liver ; and^ sis the air was imbibed^ I continued 
to throw up more, till, after three or four days, that 
iubftance feemed to be fully faturated with the air^ 
Then admitting water to it, it was abforbed exa£Uy 
like the fluor acid air ; but I could not^ at that 
lime, very weM diftinguifh the cruft on the top of 
it, on account of Ae jar being almoft filled with the 
crufl, and part of it floating on the top of the water. 
About three fourths of this air was abforbed by the 
Vater; but what I thought very remarkable, air 
kept iflfuing from this fluor cruft, in large bubbles, 
till the quantity of air was doubled, and the jar was 
half filled with it. This air neither afiefted common 
air, nor was afie6led by nitrous air, and it extm- 
guilhed a candle. 

I repeated the experiment, with this only differ- 
ence, tliat I admitted water to the air as foon as the 
fluor cruft feemed to be faturated j when the expe- 
riment being made in a wide jar, the cruft on the 
lurfece of the water was as vifible as in the experr- 
ment with the fluor acid air itfelf. At this rime, 
however, there was no generation of air from the 
faturated cruft, as before, but a confiderable quan- 
tity of air, unabforbed by water, though I took care 
that the marine acid air was as pure as I could 
procure it. 

Having a quantity of the fluor cruft faturated 
with marine acid air, I had the curiofity to pour 

fbmor 
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fome oil of vitriol upon it, in order to try whether 
the produce would be pure marine acid air, or a 
mixture of the two ; and the latter feemed to be the 
cafe, though 1 think the marine acid prevailed in 
the mixture. 

In this procefe air was produced in great plenty^ 
and the bubbles burft in the receiver with a white 
cloud ; but when water was admitted to it, it was 
abfbrbed without any cruft being formed upon its 
ilirface. 

In twenty four hours a piece of falt-petre turn- 
ed yellow in this air, and 'abforbed about half an 
ounce meafiire of it. What remained unabforb- 
ed by water, was exceedingly ftrong nitrous air, 
the fpirit of nitre having been fet loofe from the falt- 
petre by the marine acid air, and having diflblved 
the quickfilver. 

A piece of boraXy in about a fortnight, abforbed 
about two ounce meafures of this air, without leav- 
ing any refiduum not abforbed by water. The 
ilirface of the borax was become foft j but by walh- 
ing it m water, the foft part was eafily feparated from 
the reft. 

At die beginning of my inveftigation of this fub- 
je£b^ I had a fufpicion that this new acid air might 
pollibly be the vitriolic acid air, loaded with the 
fparry cruft; but the following experiments were 
ff&t favourable to this hypo^fisv 

I threw 
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I threw the focus of a burning lenS upon Ibme 
pieces of the fpar in vitriolic acid air, confined by 
quigkfiivcr; thinking, that when it was hot, it might 
diffolve fome part of it, and thereby become the. 
fame thing with the fluor acid air. But though I 
continued this operation till the fpar fmoked, and 
filled the veffel with a white fume, there was nei- 
ther any addition made to the quantity of air, nor 
any change produced in the quality of it. When, 
water was admitted to it, no cruft, as I had exped* 
ed, was formed on the furface of it. 

In order to try whether the fluor cruft was th6 
fame thing with the fpar, from which it had beei^ 
produced, I got a quantity of it, and treated it in 
the fame manner as I had treated tl^e fpar, pouring 
oil of vitriol upon it, and endeavouring to expd air 
from it. I prefendy found, indeed, that it yielded 
great plenty of air ; but not finding it to be the 
thing I was then in queft oi^ viz. an acid air, by 
means of which a cruft would be fonned on the 
fur&ceofthe water admitted to it> I ncgle&ed to 
give fuHicient attention to it. 

Water admitted to this acid air, procured fi*om 
die fluor cruft by oil of vitriol, abforbed it all] but 
without having any cruft upon its fur&ce. 

Alkaline air united with the whole of this add 
air, forming with it a white faline fubftan^e s and 
part of the infide of the tube in which the niixture 

was 
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was made, was tinged widi a deep yellow, or orange 
Colour, which disappeared after a few hours expo^ 
fure to the open air. This I have obferved to bi 
the cafe with the vitriolic acid air. 

This air did not at dUdffeQ^/ab'petre or iorax. 

The acid jur expelled from water Saturated with 
the fluor acid, reiembles the vitriolic acid air in fa 
many properties, that when I firft publifhed my 
experiments on the fubjeft, I concluded it to be 
the vitriolic acid air combined with the fluor crufl. 

To fatisfy myfclf with refpedt to it, I fatu* 
rated a quantity of water with the fluor acid air^ 
prefling out the ftony matter witfi which it was 
filled at each procefs^ and impregnating it over and 
ever again. When it appeared to be fufliciently 
impregnated for my purpofe, I put the liquor into 
a phial, furniflied with a proper tube and recipient^ 
fuch as is leprefented Plate II. fig. 9, to re- 
ceive any of the watery part that niight be expelled 
by heat 5 and applying the flame of a candle, I pre- 
fently got from it great plenty of air j which, by 
every teft that I could think of applying} appeared 
to have the very fame properties with the vitriolic 
acid ain 

The air thu$ expelled from tliis acid liquor was 
abforbed by water, without any crufl: on the furfacc 
of it. 

Vol. XL , Aa When 
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When alkaline air was admitted to it, the fides 
of the veflel were tinged with the orange-colour 
mentioned above, which vaniftied in about an hour 
after it had been expofed to the open air. 

This air had no efFeft upon falf-petrej a piece 

of which continued in it about a fortnight j nor yet 

upon /ulphuTy alum^ or fal ammoniac. 

Liver of Sulphur abforbcd it, without undergoing 
any fenfible change. 

This air extinguifhed a candle, without any par- 
ticular colour of the flame. 

Camphor was diflblved in this air, exaftly as it is 
in vitriolic acid air. 

In thefe properties this acid air will be found, by 
comparifon, to agree with the vitriolic add air ; as 
aUb in the two following, which, as far as I know, 
are peculiar to this fpecies of air. 

Phlogifton,' as I have obferved, is contained in 
vitriolic acid air, and in fuch a manner as to be 
communicated by it to the coiximon air with which 
it is mixed, and thereby to phlogifticate, or injure 
it. And an equal quantity of this acid air, and com- 
mon air, having been mixed, and left together 
twenty-four hours, the common air appeared to be 
fo far injured, that two meafures of it, and one of 
nitrous air, occupied the Ipace pf fomething mon: 
than two meafures. / 

The ele£Iric /park has a very remarkable efFeft 
upoT\ the vitriolic acid air, or rather upon the glafs 

S tube 
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tube in which the experiment is made, ais has 
been obferved ; for a fingle explofibn covers all 
the infide flir&ce with a deep brown or black 
matter^^ and the glafs grows more opake every* 
ftroke^ This very lingular and ftriking efied has 
the electric ^ark taken in the air expelled from 
this acid liquor. 

After I had made this experiment, I had no doubt> 
but that thefe two kinds of ^ir, viz. the DUriolic acid 
and the fluor acid^ are, in reality, the fame. And 
the difference between them when the latter is direfted 
of the ftony matter which it contains, cannot be great. 
But ftiU the acid thus far feparated from the ftony 
matter contains a fufficient quantity of it s for in mak-^ 
ing it boil with violence, the infide of the tube imme- 
diately connected with it^ was filled with a ftony matter. 
It happened twee in the courfe of the above men- 
tioned experiments, that the tube was quite ftopped up 
by this means, fo as tocaufe thecxplofion of the phial. 

LafUy, I would obferve^ that the tajk of this acid 
liquor afibrded a prefumption, that the acid which 
enters into it was the vitriolic ; for it has ex;i£tly the 
aftringency of alum. Notwithftanding all thefe 
circumftances^ the acid is unqueftionably of a dif- 
ferent nature. 

That the fluor contains phlogifton, is evident, 
from the attempts that I made to procure dephlpgif- 
ticat^d air from i^ by means of fpirit of nitre ; fot 
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the air that I got from it was always phl6giftic^t€d> 
and fometimes even nitrous. 

At firft I made this e^cperimeftt by putting the 
materials into a phial with a gfound-ftbpp^r and ttlbi?^ 
land applying the heat of a candle only. iTh^ftil- I 
got in this manner neither affefted coitimon air, ftor 
was afFefted by nitrous air. I then put thfe fprtV^ ap* 
paratus into a cfrtlcible j and, With a ftrohg fiind- 
heat, I got from it about two ounce-meafttres of m% 
in four portions. The firft of thefe was etadbly 
like the preceding, being phlogifticated air 5 the 
fecond made lime-water turbid, and a great part of it 
was readily abforbed by water ; the third and fciardi 
portions were very (bong nitrous air. 

This expcrinlent was made with the whitifh paff 
of this fpar^ which therefore probably contains die 
leaft- phlogifton. That phlogifton which . con-, 
tributes to the colour of this foflil, I founds by the 
following obfervatfon, to be of a very volat^ na-^ 
ture. When the coloured fpar is diffolvedjn oil of 
vitriol, die ftuor cruft, coUefted in the wacer, hai 
the fame cdour $ but when it is dried .nbar the fke, 
the colour vanifhes, and the whole becomes whiter 
yet this white cruft, heated a^ain in oil of vitriol, con- 
tains, as was obferved before, fo much phlo^ftoiv 
as to fonvenr oil of vitriol into vitriolic acid air. 

The air expelled from this acid liquor did not 
diflolve ihtfluor crufi that was cxpofed to it A 

quantity 
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quantity of \t remained in this fituation fever al days, 
without afFedting it, or being afiedtcd by it. I had 
imagiiied thjrt "it might have been diffolved by this 
^r, an4 h^e cpi^yerted it into the fluor acid air. 

Qil cf ty^rfitaim abforbed about ten times its bulk 
cf thi§ air, and became of an orange colour. Af- 
ter this ifnpregnation it had a pungent acid fmell^ 
together with its own. I obferved nothing farther 
reip?(5ting it. 

Refle<5ling upon the pliofphoric prcj)erty (^ the 
Ipsu^, by me^s of which I had procured this acid 
air, I thought it was poffiblc that its property of 
f n^l^ing oil of^ vitripl to yield this air, might be 
common to it with other fimilar pholphoric fubftan- 
ceS| 4^ending upon that combination of phlogifton 
which ^enables dien> to imbibe and emit light. 

In order to afcertain this, with re(peft to one other 
iubftance of this kind, I made a quantity of Mr. 
CmtBTfCs phofphorus.p and pouring upon it fome oil of 
yitripl, I got air that was readily abforbed by water, 
and with a cruft upon its furface, exactly like that 
wljich is procured from the fluor^ only not in fo 
gre^ a quantity. The efFervefcence between this 
fubftance and the oil of vitriol was very great, and 
fi&> the heat occafioned by it^ and the vapour ef- 
cs^ng mto ihe common air, was white and denie^ 
much like the vapour of the fluor acid. 

I fhall conclude this feftion with obferving, that 
the -oil of vitriol in which the fluor is diflblved, 
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becomes thick like ice, exaftly like the oil of vitriol 
in which quick-lime has been boiled. 

As the fluor contains an zcid fui generisy it might 
have been expefted, that it would have been diflodged 
from its bafe by fome other of the acids, as well as 
the vitriolic ; or that, if it was of a ftronger kind 
than the nitrous, or marine acids, it might diflodge 
them from theif* bafes : but no experiments 
whatever ffiow any fuch thing ; nor can the fluor 
acid be at all produced, except when the fpar is dif- 
Iblved in the vitriolic acid. This has, infomemea- 
llire, been obferved by others. Having carefully 
repeated the experiments myfelf, I obferved the 
following refiilts. 

Having put a quantity of fluor to ftrong nitrous 
acid, in a glafs phial with a ground ftopper, I receiv- 
ed the produce in water, and obferved that about 
one fixth of it was fixed air, precipitating lime in 
lime-water, and that the remamder was ftroogly 
citrous (a proof that this fubflance contains much 
phlogiflon) but there was no appearance of any 
thing like a cruji on the furface of the water. When 
the air was received in quickfilver^ the folution of 
the metal, and the produftion of more nitrous air, 
demonftrated that the nitrous acid, uncombined with 
any thing diat could alter the property of it, came 
over. 

SEC- 
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SECTION III. 

Objervations on the Freezing of Watery impregnnted 
with Fluor Acid Jir, and with Vitriolic Acid Air. 

I Had an opportujnity, in one frofty winter, of 
obferving a pretty remarkable difference between 
water impregnated with vitriolic acid air, and water 
impregnated with the fluor acid. It is that water 
impregnated with vitriolic acid air that may be 
converted into ice^ whereas water impregnated with 
fluor acid ajr will not freeze. 

I had obferved with*refpe6t to marine acid air, 
and alkalme air, that they diflblve ice, and that wa- 
ter impregnated with them is incapable of freezing, 
at leaft in fuch a degree of cold as I had expofed 
them to. The fame, I find, is the cafe with fluor 
acid air, bwt it is not fo at all with vitriolic acid air, 
>vhich, intirely contrary to my expeflation, I find 
to be altogether different from marine acid air in 
this refpeft, and to refemble fixed air. But where- 
as water impregnated with fixed air difcharges it 
when it is converted into ice^ water impregnated 
with vitriolic acid air, and then frozen, retains it as 
Jlrongly as ever. 

h^ ^ J expofe4 
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I cxpofed in an open phial a quantity of water 
fiilly impregnated with vitriolic acid air, when the 
thermometer was at 17 degrees, aqd obferved that 
it was prefcntly frozen quite through, the fmell of it 
continuing to be extremely pungent. As it rpelted, 
the ice lunk to the bottom of the liquor, an4 when 
it was quite diffol^ved, the w^tcr s^ppeared to be ftiU 
very ftrongly impregnated. 

Then, in order to try whether water would freeze 
in a fituation in which none of this acid air could 
poflibly efcape frpm it, I expofed to the fame de- 
, gree of cold a quantity of water faturated with this 
air, remaining upon the qpickfilver, ia the jar in 
which the impregnation had been made ; but this 
water alfo was prefently converted into \c^^ which 
was opaque, though thp bubbles were not diftin6Uy 
perceivable. 

I then poured a quantity of water upon a quan- 
tity of the ice above mentioned, when it froze, 
without being fcemingly afFefted by any effluvium 
of the impregnated ice. This continued opaque^ 
while that of the water was tranlparent as ufual. 
Both thefc kinds of ice melted equally, and adhered 
together. 

Ice was not at all diffolved in vitriolic acid air. 
Letting it remain in this fituation all night, the 
ne?t morning I found all the air abforbed 5 but it ^7 
pearcd,by the fofm of the ice|that it had been melted^ 

and 
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and frozen again ; for it cxafUy fitted the glafs vcf- 
fel in which it was confined. 

Ice was readily diflblved at firft in fluot acid air, 
but afterwards very flowly, as might have been 
concluded from the manner in which this kind of 
air is imbibed by water. However, in time, the 
whole of the air was abforbed by the ice, which 
was diflblved by it, and continued fluid on the fur- 
lace of the quickfilver. 

In order to make my experiment upon water im- 
pregnated with fluor acid air, I faturated.a quantity of 
water with it io fully, that I could with difficulty 
fijueeze any water from a quantity of fluor crufl: that, 
was depofited in it. This water I expofed to the 
froft all night, and in the morning found it to be in- 
tirely fluid, Prefendy after this the froft broke, and 
I had ho opportunity of repeating the experi- 
ment. 

The ferther profecution of this experiment, and 
a proper attention to it, will probably throw great 
light on the nature of freezing. 

The frofl: of a fubfcquent winter confirmed the 
above mentioned obfervations, except thofe which 
rclpeded water impregnated with fluor acid air, 
which I before concluded would not freeze, 

I now find that it does freeze, though it requires a 
prcater degree of cold than water impregnated with 

vitriolic 
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vitriolic acid ^r. The latter efFeft I attributed to the 
prefence of fome of the fluor cruft in the folution, and 
I think this conje6ture is, in fome mealure, con- 
firnned by the following obfervations ; in which it 
will be feen, that lime water did not freeze fo foon 
as common water, and that lime water impregnated 
with vitriolic acid air did not freeze fo foon as com* 
mon water fo impregnated* 

Jan. 7, 1779. I expofcd to the cold all night 
a phial of pump water, and one of the fame 
water faturated with quick lime. The next morn-^ 
ing I found the thermometer at 28, the pump wa- 
ter frozen foUd, but the lime water not frozen at 

alL 

Jan. 9. When the thermometer was at lead 2 j 
ivater impregnated with fluor acid air, after being 
expoied to the cold all night, was imperfectly frozen* 
At the fame time water impregnated with vitriolic 
acid air was qiiite folid, and alfo a quantity of 
the fame in which fome chalk had been dif- 
folved. But lime impregnated with vitriolic acid 
air was quite fluid. Lime water was frozen, and a 
little of the lime was precipitated; 

Jan. 12. When the thermometer was at 20, 
and had probably been lower in the night, I found 
the lime water impregnated with vitriolic acid air, 
and alfo the warter impregnated with fluqr acid ^r, 
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iblid throughout. The former was quite white, 
but was tranfparcnt again when the ice melted. As 
the ice of the fluor acid melted, it fwam on the fur- 
&ce of the liquid part. 



SECTION IV, 

Mifcellanems Experiments on the Properties of Fhw 

Acid jlsr. 

DIPPING a lighted candle into a veffel filled 
with the fluor acid air, it was extinguifhed 
without any particular colour of the flame, which 
is obfervable in the marine acid air. 

Nitrous air, mixed with this acid air, had no 
fenfible effeft upon it^, Water abforbed the acid air, 
and left the nitrous air poflefled of its peculiar pro* 
perries. 

Having 
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Having afcertained the efFeft of water upon this 
acid air, I proceeded to try oiCatx fluid Jtibfiances. 

Spirit ef wine imbibed this air as readily as water, 
but continued as ' limpid as ever ; and when fatu* 
rated with it, fcemed to be no lefs inflammable than 
before. 

Oil of turpentine did not imbibe any of this air. 

Vitriolic ether imbibed about twenty times its own 
bulk of it ; but was not fenfibly changed by the 
impregnation. The cafe was the fame with nitrous 
ether. But the firfl: time that I made the experiment 
with nitrous ether, I imagine a litde water was 
mixed with it (as much as thofe fubftances are ca* 
pable of being mixed) for it coagulated as water 
^ad d<xie, remaining in the middle of the tube, th^ 
acid air being both above and below it. This mafs of 
coagulated matter, which in colour and confidence 
refembled a browi) jelly, being taken out of the vef- 
fel, did not take fire at the approach of a candle ; 
but when it had been expofed to the air about half 
a minute, it grew hot, threw out a grofs fmoke, 
and was prefently all evaporated. Part, however, 
of the fame mafs^ which had been dipped in water, 
did not grow hot, or evaporate, in the open air i 
and when expofed to the fire, it burned to a white 
powdery fubftance. I imagine this effeft to have 
been owing to a mixture of water \ becaufe, with 

4 pure 
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pure nitrous ether, I could dot get another appear- 
ance oi die kind* 

Qi Jblid fubftancesj I found diat this air had no 
effeft vipon fulpbUTy cnwmonfaU^ Jal vmmmac, iron, 
livir cfJUlpbnr^ or gum-lac. 

Cbattoal abforbed the whole of a guantltjr of thia 
air, and contracted from it a, ftrong pungent fmelh 
The rujl of trim aifo abfbrbed it in like manner. 

jUum db&pbed this air pretty faft^ the furface of it 
being l-eisdeitsd white and opake. When it was 
taken ^ut of die air, it looked moift, and was inca** 
pable of the c^ration ol' roafting, like that which 
had h^n ejcpo&d to alkaline air. This air having, 
no dcAibt, iifce the odier, feized upon the water 
whith enters into the compofition of alum. 

^ukkUm and 4:halk^ both abforbed a little of this 
acid air ; but the refiilt was, in no refpeft, remark- 
able* The latter had been diflblved by it, and had 
produced a quandty of fixed air, precipitating lime 
in lime-water. 

In order to judge whether there was any founda- 
tion iot the opinion of Mr. Boulanger, of this acid 
being the fame with the marine j I put to it a piece 
offalt-{)etre, which I have obferved to be readily 
diflblved in the marine acid air i and I mxtft own 
that appearances for much favoured his opinion^ that 
I was at dMit tk^e very much inclined to adopt it. 

When 
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When the falt-petre had been for fome time fur- 
rounded with this air, the air began to be dinnimfh- 
cd, and the infide of the veflel was filled with red 
fuoies^ which continued about a week,- the quick- 
filver rifing all the time, till only one tenth of the 
air remained, and the infide of the veflel was co- 
vered with a whitifh, probably a faline, fubftance, 
produced by the folution of mercury. After this, 
the air becoming tranfparent, I examined it, and 
found it neither to affeft common air, nor to be 
afFedbed by nitrous air, and to extinguiih a candle. 
Alfo, about one fourth of it was readily abforbed 
by water, and made lime water turbid ; lb that, 
contrary to my expeftation, a great part of the air 
mull have been fixed air, and not nitrous. This 
experiment I did not repeat ; but it feems to exhibit 
a faft deferving of fome attention. 

Fluor acid air, when it is firft produced, corrodes 
the glafs veflel in which it is generated. But whe- 
ther it did this of itfelf, merely in confequence of 
being heated, or whedier the moilhire, or fome- 
thing elfe contained in the oil of vitriol, by means 
of which it is formed, contributed to this efle6t, 
did not certably appear. When this air is cold, it 
does not at all afFed the glafs veflel io which it is 
confined. In my attempts to confine the dif- 
ferent kinds of air in glafs tubes hermetically fealed, 

in 



S0.IV. FLUOR ACID AIR. 367 

in order to expofe them to a continued heat, I ob- 
ierved that it is (imply the heated air that has this 
cfied. For when I had filled a tube with this kind of 
air> and was endeavounng to take off diflferent 
lengths of it with a blow pipe, I found that, when 
the glaft became red hot, it was always fo corroded, 
and diffolved, that it was impolfible to clofe it by 
ieallng. 

Having mentioned the effedt of heating various 
fubftances in diflferent kinds of air by means of a 
burning lens, that I may not omit to mendon any 
thmg diat I have oblerved of the kind, and that I 
can think any perlbn might wifh to be informed of, 
I fhall, in this mifcellaneous fedlion, recite the fol- 
lowing experiments. 

Throwing the focus of the lens upon iron turn- 
ings m fluor acid air, a dcnfe white fome prefendy 
filled the veflel, and during the procefe the heat was 
remarkably great, fo that I could not touch the 
upper part of the glals veffel in which the eKperiit^ertt 
was made. The quantity of air was confidcrably 
diminifhed, and a quantity remained that was not 
abforbed by water, but not enough to examine it. ' 
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PART IV. 

SXPERtMEKTS AND OBSERVATIONS ILSX.ATING 1*« 

ALKAMNS AIR» 



SECTION I. 

?^^ Difcovery of Alkaline Air, and of the Imptignation 

of Watir with it. 

AFTEK I had made -die difcovciy of die ftw- 
rine acid air, which dk vapour of ^rit of 
fslt may properly enough be called^ and had made 
thofe expedments upon it, of which I have 
already given an accountj» it occurred to me, 
that, by a procefs fimilar to that by which this 
acid air is expelled from the Ipirit of fait, an alkaline 
air might be expelled from fubftances containing 
volatile alkali* 



Ac. 
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Accordingly I procured fome volatile fpirit of 
fal ammoniac, and having put it Into a thin phial, 
and heated it with the fiame of a candle, I prefendy 
found that a great quantity of vapour was difchargcd 
from it ; and being received in a veffel of qmck- 
filver, (landing in a bdbn of quickfilver, it ^con* 
tinued in the form of a tranfparent and permanent 
air, not at all condenied by cold; fo that I had the 
fame opportunity of making experiments upon it;, 
as I had before on the acid air, being in the farhe 
favourable circumftances* 

With the fame eafe I alTo procured this air from 
^irit oj hartjhorny zxAJal volatik either in a fluid or 
folid form, i. e. from thoic volatile alkaline falts 
which are produced by the diftillation of fal am* 
moniac with fixed alkalis. But in thi^ , cafe I (boii 
found that the alkaline air I procured was not pure { 
for the fixed air, which entered mto the compo- 
fition of my ihateriab, was expelled along with it* 
Alfpy uniting again with the alkaline air, in the 
glafs , tube through which they were conveyed> 
th^ (topped it up, and were often the means of 
burfting my vefTels. 

While thefe experiments were new to me, I ima-^- 
gined that I was able to procure this, •air with pe* 
culiar advantage and in the greateft abundance^i 
cither from the falts in a dry (late, when they were 
juft covered with water, or in a perfeftly fluid ' 

VoL.ir, Bb fbtet 
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ftatc ; for, irpon applying a ^ candle to die phials 
in which they were contained, there was a moft 
aftonifliing produ6Hon of air ; but having examin- 
ed it, I found it to be chiefly fixed air, especially 
"after the firft. or fecond produce from the fame 
TTmterials ; land removing my apparatus to a trough 
of water, and tifing tiie water inftead of quick- 
fflver, I found that it was not prefendy abforbed 
•by it. 

' This, however, appears to be an eafy and elegant 
method df procuring fixed air, from a fmall quan- 
tity of materials, though there muft be a mixture 
of ^kafine air along with it ; as it is by means of 
its combination with diis principle oiily> that it is 
poflibte, that fo much fixed air ftioxild be retameft 
5n lany Hquid. Water, at leaft, we know^ cannot 
be made to coittairt much tabrc than its own bulk 

of fixed atrl ' " 

. - • • • 

After. this *d!fappothrifn'(ehti I confined myfrff tt> 
^ ufe <5fthm: volatile :f|)iVrt of 61 ammoniac which 
0]^rocufedl3y a diflnHation with' flaked lime, whitii 
contains r\o fixed ah: ; mid which fbems, in 'd gthc- 
ral ftate, to contain about as much alkaline 'air> as 
an equal quaintlty of ^irk of fait contains, of the 
marine acid mr. 

» 

* W anting, however, to procure this air in greater 
tjuantities, aiid this method beihg rather expenfive> 
it occurred to me, that alkaline air might, probablys 

5 be 
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1be procured, with the 'm6ft eafe and convenience, 
fronn die original materials, mixed in the fame 
proportions that chemifts had found by experience 
to anlwer the bcft for the produftiott of the vola- 
tile ipirit of fil ammoniac. Accorditigly I mixed 
one fourfli of pounded lal ammoniac, with three 
fourths of flaked lime ;' and filling a J)hial with the 
mikturc^, I prefendy found it completely anfwered ' 
illy pilrpbfe* The heat of a candle expelled from 
this mixture a prodigious quantity of ilfeiline air 5 
and the fame materiiils (as mtich as fSldJ 'an ounce 
phial) would ferve me a confidierible time, ^ithr- 
toutfchangihg; elpecially wheh, Inrtcad of a glafs 
|ihiil, t triade uTe of a friiaB Iron tubte, wHich 1 find 
ftibch nnorfe convenient for the purpofe. 

As water foon begins td rife iil tiiis prbceJs, ?t 
Is neceBary, if the ^r ii intended to be tdnVeytA 
perfeftly dry into the vfelfel of quifckfliv^r, td haVfc 
a fmall veflfel in which this wdtj^t (which is the 
Common volatile ^Ki: of fai-amrtiohiiac) ihay bfe 
rccfeiVed. This fmall veflTei muft be ihterpofed 
betwfeen the veflel whidi' cdntains the niaterids fot 
the generation of the aih, and that ih which it is 
to fee rieceivedi as dy Pt I!, fig. S. 

This alkaBne air being perfeftly ahalbgous to 
the acid air, I wa^ nattitally led to inveftigate the 
propcrries of it ih the fame liianner, ^rid nearly in 
the iTamfc ordcr^ From this analogy I concluded, 

B )b ;2 as 
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as I prefendy- found to be thje fa<St, that this alkaline 
air would be readily imbibed by water, and, by 
Its union with it, would form a volatile Ipirit of 
lal ammoniac. And as the water, when admitted 
to the ^r in this manner, confined by quickfilver^ 
has an opportunity of fuUy faturating itfelf with 
the allcaline vapour, it is made prodigioufly ftronger 
.than any volatile ipirit of fal ammoniac that I have 
ever feen ; and I believe ftronger than it can be 
made in the common way. 

In order to afcertain what addition, with refpeft 
to quantity iand weight, water would acquire by 
being faturated with alkaline air, I put one grai£l 
and ^ quarter of rain water into a fmall glafs cube, 
cloied at one end with cement, and open at the 
€thcr> the column of water meafuring feven tenths 
of an inch i and having introduced it through the 
quickfilver into a vefiel containing alkaline air, 
obferyed that it abforbed feven ei^ths of an ounce 
meafure of the air, and had then gained about half 
a grain in weight, and was increafed to eight tenths 
of an inch and a half in length. I did not make 
a fecond experiment of this kind, and therefore will 
not anfwer for the exaftnels of thefe proportions 
in future trials. What I did fiifficiently anfwcred 
my purpofe, in a general view of the fubjeft. 

When I had, at one time, faturated a qiiandty 
of difldlled water with alkaline air, fb that a good 

deal 
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deal of the air remained unabfbrbed on tJie lurfece 
of the water, I obferved that, as I continued -ta 
dirow up more air, a confiderable proportion of 
it was imbibed, but not the whole j and when I 
had let the apparatus ftand a day, much more of 
the air that lay on the furface was imbibed. And \ 
after the water would imbibe no more of the old 
air, it imbibed new. This (hews that water re- 
quires a confiderable time to faturate itfclf with 
this kind of air, and that part of it more readily 
unites with water than the reft. 

The fame is alfb, probably, the cafe with all 
die kinds of air with which water can be impreg- 
nated. Mr. Cavendifh made this obfervation with 
refpeft to fixed air, and 1 repeated the whole pro- 
eefs above-mentioned with marine acid air, and 
had precifely the fame reililt. The alkaline water 
which I procured in this experiment was, beyond 
comparifon, ftronger to the fmell, than any ipirit 
of fal ammoniac that I had ieen# 

Thi$ experiment led me to attempt the making- 
of ipirit of fal amnioniac in a larger quantity, by 
impregnating diftilled water with this alkaline air. 
For this purpofe I filled a piece of a gun barrel 
with the materials above-mentioned, aixl luted to 
the open end of it a fnriall glals tube, one end of 
which was bent, and put within the mouth of a 
glafs vefifel^ containing a quantity of diftilled water 

Bb 3 upon 
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Upon qui,ckfilvcr, ftanding in a bafbn of quick(ilver. 
!|^ theic cixcvroftaoces the h.eat of the fire, applied 
gradually, expelled the alkaline air, which, pafling 
thrpugh the tube^ and the quipldilver, came at lafl: 
to the water^^ which, in time, became fiiUy faturated 
with it; 

By this means I got a very ftrong ajkaline fi^ 
quor, from which I could again expel the alkaline 
air which I had put into it^ whenever it happened 
to be ijnore cpnyenient to me to g^t it in that man- 
ner. This procefs may eafily be performed in a 
ftiU larger way.;, and by this means a liquor c^the 
fame nature with the volatile Ipirit of fal ammo- 
niaC| might be made much ilronger, and mucl\ 
cheaper, than i|t is now made. 

I had fpme expedation that ajkaline air mi^t 
be expelled fro^rx csiuftic facetf alk^liy eipecial^ 
as it is known tba^ the fixed and voktik ajkalis 
difier onl^ in. th^ir combinations; but I was dif- 
appointed in my e3jpe<3:atiQn^. Having procured 
a quantity Qf cauftip alkali from Mr. lan^ who 
is knpY^j tp prepare it with particular accuracy^! 
I treated it in the. lame manner as I had done 
t^ Ipirif of falf^ a|i4 found that the vapoui: e^-. 
Polled froipp it copfi^d of nothing but w^ter* being 
immediately oopfienfed ^h^p it cagpe to tk^ cold 
qui?kf#ert 

SEC- 
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SECTION' IL 

^e Mixture of Jlkalim Air with variaus^ SttbJlafUds^ ' 
and mifi^Haneous Pr<^enties of ii. 

HAVING fatisfied myfelf with refpeft to the 
relation that alkaline air bears to waterj^ i 
was impatient to find what woyld be the confc- 
quence of mixing this new air with the other kinds 
>vith which I was acquainted before, and efpecially 
•with marine acid airs having a notion thai: thefe cv^q 
airs, being of oppofite natures^ might comgofe 2Jteutrd 
^ijTj and perhaps ;he very fame thing with com* 
lyion. air. But tbei moment that? thefe. two, kxnd;j 
of air carne into cpntaft» a heautifiil white cloud 
was formed, and prefendy filled the whole veffel 
in which they were, contained. At the fadne time 
the quantity of air began to diminilbi and,*at .lengtb^^ 
when the cloud \v:ast fubfided, there appeared to 
be formed a folid wbiie faitt wh^h was fouod to 
be the common f^l ammmac:^ or the marine 4ci4 
united to the volatile alkalL - . .. . 

The firft quantity that I produced imrnccKately 
dtliquefced, upon 6eing expofcd ti) the qcwpn^ion 

6 B 4 * ^ ' ' " air; 
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air ; but if it was expofed in a very dry and warm 
place, it aimoft all evaporated, in a white cloud. 
I have, however, fince, from the fame materials, 
produced the fait above-mentioned in a ftate not 
fubjeft to dcliquefce, or evaporate. This differ- 
ence, I find, is owing to the proportion of the two 
kinds of air in the compound. It is only volatile 
when there is more than a due proportion of either 
c^ the conflituent parts. In thefe cafes the fme}l * 
of the falts is extremely pungent, but very different 
from one another ; being manifeftly acid, or alka- 
line, according to the prevalence of each of theffe 
airs refpedtivcly. 

Nitrous air admitted to alkaline air likewife oc- 
cartoned a whidfb cloud, and part of the air was 
abforbed ; but it prefendy grew clear again ; leaving 
only a litdc dimnefs on the fides of the vefTel. This, 
however, might be a kind of fait, formed by the 
union of the two kinds of air* There was no other 
lalt formed that I could perceive. Water being 
admitted to this miixture ' of nitrous and alkaline 
air prefendy abforbed the latter, and left thq former 
|)ofleiIed of its peculiar properdesi. 
^ Fixed air admitted to alkaline air formed ob* 
long and flender cryflals, which crpfTed one another, 
and covered the fides of the vefTel in the. form of 
net-work. Thefe cryftals mufl be the fame thing 
>ith the voladle alkalis which chemifts get in a 
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folid form, by the diftiUation of lal ammoniac widi 
fixed alkaline falts. ' 

inflammable air admitted to alkaline air exhibited 
no particular appearance. Water, as in the former 
experiment, abforbed the alkaline air, and left the 
inflammable air as it was before. It was remark^ 
iible, however, diat the water which was adniitted 
to them became whitifh, and that this white cloud 
fetded, in the form of a white powder, to the bot- 
loin of the veflel. 

Alkaline air mixed with common air, and Handing 
together feveral days, firft in quickfilver, and then 
in water (which abforbed the alkaline air) it did 
hot appear that there was any change produced in 
the common air ; at leail it was as much diminilh* 
ed by nitrous air as before. The feme was the 
cafe with a mixtwe of marine acid air and com- 
jfnon air. 

Having mixed air that had been diminiflied by 
Ae fermentation of a mixture of iron filings and 
&ilphur with alkaline air, the water abforbed the 
fetter, but left the former, with relped to the teft 
of mtrous air (and therefore, as I conclude, with 
icfpeft to all its properties) the fame that it was 
before. 

Sfirif of tvine imbibes alkaline air as readily as 
water, and feems fo be as inflammable afterwards 
as ^fore» 

Alkaliqe 



57^ OBSERVATIONS OH PoTt fK 

Alkaline air contrafts no union with olive ciL 
They were in contaft almoft two days, without 
any diminution of the air. Oil of turpentine^ and 
cffential oil of mint, abforbed a very fmall quan-i 
tity of alkaline air, but were not lenfibly chauiged 
by it. 

EsheTy however, imbibed alkaline air pretty frecN. 
ly ; buc it was afterwards as inflammable as befbrej^ 
9nd the colour was not changed. It alio evaporated 
as before, but I did not, attend to this lalt circum^ 
fiance very accurately. 

Sulphur y nitre, commm Jolt, and, fimts, were put 
to alkaline air without imbibing any part of it; 
but cbarcody Jpunge^ bits of limm clotb^ and other 
iubftances c^ that nature, feemed to condenie this 
air ypon'dieir iurfaces; for it bqgan to diminiOx 
fmnriediately upoa their being^put iso it ; and when, 
they were taken out the alkaline fmell they ha4 
^ontradted was fo pungent as to be ahnd): iatolpr- 
able, efpeciaUy that of the Ipunge. Perhaps i% 
might be of ufe to > recover perfons from fwooning^ 
A bit of fpunge, ^bqut as big as a has^ nut, pres 
ijbndy imbibed an ounce meaiiire of aUs:aline air. 

JiL piece of the infpiilated juice o^ turnfole wa^ 
made very dry and warm, and yet it imbibed ^ 
greac quanti^r of th? air ; by whi^h it conti^ed 
q. Dftoft pungent fmgll, bufi tl^e cplowof it.wa^.nflfr 
changed, 

Jkm 
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j£um undergoes a wtrj reip^rkable change by 
die aftion of alkaline air. The outward ihape 
and fize rennain. t^ie fame, but thp internal ftruc- 
ture is quite changed, becomiog opaque, beauti-* 
fully white, and, to appearance, in all rcfpc<Sb like- 
alum which had been roafted ; and fb as not to be 
at all aflfefted by a degree of heat that would have 
reduced it to that ftate by roafting. This t&6i 
is produced flpwly ; ai^ if a piece of ahim be 
taken out of alkaline air before the operatiorL is 
over, the iniide will be tranfparent, and the outfide, 
to an equal thicknefs, will be a white cruft. 

I imagine that the alkaline vapour feizes upon 
the water that enters into, the conflitutlon of crude 
alum, and which would have been expelled' by 
beat. Roafted alum alio imbibes alkaline air> and,, 
like the raw alum that has been expofed to it, ac^ 
quires a tafte that is peculiarly difagreeable. 

Phofpborus gave no light in alkaline air, and 
made no lafting change in its dimenfions. It va- 
ried, indeed, a little, being fometimes mcrcaied and* 
fometimes diminilhed, but after a day and a nighty 
it was in the fame ftate as at the firft. Water ab- 
fprbed this ajr jyft as if nothing had been put^ 
to it. 

In fome chemical proceflfes, volatile i^|cal) ^it- 
folyes copper. This I alfo have obferved ia. my 

account 
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account of the experiments in which I put fbmc 
pieces of volatile alkaline fait to a quantity of com- 
mon air, at the time that I introduced nitrous air 
to it. For, if the alkaline fait be fupported by 
copper wire, it prefendy becomes blue, and is foon 
corroded. I therefore thought that pieces of cop^ 
per, expofed to pure alkaline air, would have been 
afFcfted in the feme manner; but I did not find 
this to be the cafe, A number of pieces of cop- 
per wire remained a whole night in alkaline air 
without fenfibly afFefting it, or being afFefted by 
it. That the alkaline air was pure, appeared by 
Its being wholly abforbed by water afterwards. 

Having put fomc fpir it of /alt to alkaline air, 
the air was prefendy abforbed, and a little of the 
white fait above-mentioned was formed. A litdc 
remained unabforbed, and tranlparent, but upon 
the admiflion of common air to it, it inftandy be-. 
<ame white. 

Oil of vitrioly alfo formed a white fait with alka- 
line air, and this did not rife in white fumes. 

Marine acid air, as I have obferved, cxtin- 
guifhes a candle. Alkaline air, on the contrary, 
I was furprized to find, is flighdy inflammable; 
which,, however, feems to confirm the opinion 
of chemUb, that the volatile alkali contains phlo^ 



gifton. 



I dipped 



Sell. IL ALKALINE AIR. . j8l 

I dipped a lighted candle into a tall cylindrical 
veffcl, filled with alkaline air, when it went out 
three or four times fucceffiycly ; but at each time 
the flame was confiderably enlarged, by the addi* 
don of another flame, of a pale yellow colour j 
and at the laft time this light flame defcended 
from the top of the veflel to the bottom. At an- 
other time, upon prefenting a lighted candle. to the 
mouth of the fame veflel, filled with the fame kind 
of air, the yellowifli flame afcended two inches 
higher than die flame of the candle. The eledbric 
ipark taken in alkaline ^r is red, as it is in com*> 
mon inflammable air. 

Though alkaline air be inflanimable, it appear- 
ed, by the following experiment, to be heavier 
than the common inflammable air, as well as to 
contraft no union with it. Into a veflTel contain- 
ing a quantity of inflammable air, I put half as 
much alkaline dr, and then about the fame quantity 
of marine acid air. Thefe immediately formed a white 
tloud, but it did not rife within the fpace that was 
occupied by the inflammable air ; fo that this lat- 
ter had kept its place above the alkaline air, and 
had not mixed with it. 

That alkaline air is lighter than acid air is evi« 
dent from the appearances that attend the mixture, 
which are indeed very beautiful. When add air 

4 is 
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is intrcxluced into a veflel containing alkaline air, 
the white cloud which they form appears at the 
bottom only, and afcends gradually. But when 
the alkalint air is put to the acid, the whole be- 
comes immediately cloudy, quite to the top of the 
veflel. 

In the laft place, I fliall oblerve that alkaEnle air, 
as well as acid, dilfolves ke as faft as a hot fine can 
do it. This was ti-ied when both the kinds of air, 
and every irrftrumeht miade ufe of in Ae experi- 
ment, had been eipofed to a pretty intenfe froft 
fcveral hours. In both eafes, alfb, the water into 
which the ice was melted diffolved more ice, to a 
tonfiderabk quantjtr. 
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, SECTION IIL 

tf the Mixture of dU the Kinds of Acid Air with 

Alkaline Air. 

THAT die fluor acidair £tturates the iame quan^* 
tity of dOudme air i^th vitriojic acid air, ap- 
peared in a courfe of experiments not m^de with thb 
particular view, but defigned to afcertain the quantity 
*df acid in all the kinds of dcid ain I firfl: thought of 
attempting thte by finding what quantity of water, 
tii^^ged blue with the Juice of turnfole, an equal 
<juantiiy of each of the Idftds of air would tutn red. 
But it' could not have been determined with ft 
itiuch accuracy in this way, at leaft not fo vij^bfy, 
and demoi^rajbly, as by the laturation of thenfi 
with aU^ine ^ir ; dinUmtion of Mk being a tfiing^ 
^eafily meafured. The . reluk of thefe experiments 
is, infevferal refpeds, n*her extraordinary; bdng 
iiich as, t imagine, no perToh would have con- 
jectured -a prim. At leaft it was contrary to m^ 
cxpedtarions. As I made thefe experiments in tw6 
difierent ways, ^nd the refults, though agreeing in 

general^ 



584 o6sERVATioi<» ON l^art IF^ 

general, differ a little, it may be proper to recite 
the particulars of both* 

In order to dcternnine what quantity of acid and 
alkaline air would faturate one another, I firft filled 
a glafs jar with quickfilver> apd put iiito one mea- 
lure (which was about an ounce meafure and a 
Jialf) of alkaline air,- and then the -fame quantity (be- 
ing from the very fame phial) o( marine acid air ; 
when the whole of both very nearly diiappeared, a 
quantity of fal ammoniac being, formed*. /I dieh 
threw;ipto the fame jar another meafure of malinc 
acid ficir^ ^qd obferved that it occupied about one 
fixth iefs fpace than the briginal meaiure of alkaline 
air; fo that a little more of the acid than of the al- 
kaline ^r had difappeared. I then threw in the 
famq meafure of each of the kinds of air ateeniat^Iyy 
till I had, ia all, five meafuresof each;, after which 
hardly afiy air remained, except what wa^ not abe 
iorbed by water, which was about a fourph, part of 
the original mpafyre, and was very litde difFerenf 
from common air ; two meafures of it and one </ 
lutrous air occupying the fpace of one meafure and 
a quarter. Upon the whole, therefore, it may fafely 
be concluded from this experiment, that equal 
quantities of thefe two kinds of air faturate one an^ 
other. . 

M 

Whea 
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Whc|i i put a meafure oi vitriolic acid air to the 
alkaline air, I found that a given quantity of the lat- 
ter was faturated, as nearly as I could judge, by 
half as much of the former. For when they were 
mixed iii that proportion, the whole quantity of 
both kinds of air entirely difappeared It was in 
tnakmg this experiment, always throwing in two 
mealures of alkaline air for one of the vitriolic, that 
I got the iSoidiyettow ^ftiZ/wg* of the infide of the jar 
mentioned above, and which became white by being 
cxpofcd to the open air. 

Making the experiment in the fame manner^ I 
klfo founc^ that a meafure of alkaline air was com- 
fdetely faturated by half a meafure oTflucr acid ^/r, 
io that both intirely diiappeared. In this remark- 
able circumftance the fluor acid air and vitroilic acid 
•air perfectly agree; which appeared to me to afford a 
ytry ftrong argument of their ultimate identity. 

Having put one meafure oi fixed air to one of al- 
^icaline air, the quickfilver rofe to half a mealiire ; 
and when I introduced another meafure of fixed air, 
no mone was abforbed i and water being admitted 
to it, imbibed almoft aU the remainder j fo that 
haK" a meafure of fixed air had faturated a whole 
meafure of alkaline air. But the union of thefc two 
kinds of air is not effefted fo quickly as in the other 
cafes ; otherwife the whole of the alkaline air muft 
'have difappeared, when half the quantity of fixed 
- Vol. II. Cc air 
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air had been admitted to it. Afterwards, making 
this mixture very gradually, one third of the quan- 
tity of fixed air faturated almollthe whole of the al- 
kaline ain 

Laftly, I filled the vefiel in which I had meafiircd 
the preceding kinds of air, with red vapour offprit 
cfnitrey and put to it an equal quantity, and one 
fourth more, of alkaline air ; when it immediately 
became very turbid and white, and the quickfilver 
rofe within the veflcL Then filling the fame phial 
again with the red vapour, as nearly as I could in. 
the fame manner, and admitting water to it^ one 
fourth of the contents of the phial was abforbed. 
This, therefore, mull Have been the Ipace that 
would have been occupied by the pure nitrous va- 
pour, if there had been no common air mixed widi 
it. Confequently one meafure of nitrous vapour, 
in faft, faturated about five mealiires of alkaline mr. 
But there is a confiderable degree of uncertainty with 
refpeft to the real quantity of nitrous vapovir in a 
phial that is feemingly filled with it. 

In the next fet of experiments, without taking 
equal meafures both of alkaline and of the ieveral 
kinds of acid air, I took equal meafiires of the acki 
airs only ; and having a large jar of alkaline air, I 
endeavoured to find how much of it equal quantities 
of the feveral acid airs would faturate* The vef- 
iel, which in all thefe cafes I filled with acid air> 

conta^nc^ 



iJikSf. lit ALKALINE AiR. 387 

• 

contained an ounce meafure and one fixth, and the 
diminudon of bulk in the jar of alkaline air (which 
was carefully filled a new in all the trials) by the 
feveral kinds of acid air was> as nearly as polTible, in 
the following proportion : 

A meafure of fiuor acid ^> ) , i| 

abfbrbed of the alkaline air ) 

1 " Vitriolic o, 

^— ^marine . i i 

fr , r . fixed air i^ 



Had I mixed the fixed air very flowly, as in one df 
ithe cafes of the preceding fet of experiments, more of 
the alkaline air would probably have been faturated 
with it. 

I would obferve alfb, that, in oiie relpeft, thk 
latter method of making the experiments, is lefs 
accurate than the other; as I did not make allow- 
ance for the different degrees of dilatadon of die ah: 
above the quickfdver by the weight of the quick- 
lilver in the jar above the level of the quicklilver 
without the jar. But to have avoided this inacci}^ 
iucy, I muft have had a deeper vefrel> and morr 
quickfilver than 1 happened to have at hand. But 
the refuits of the experiments, in both the methods 
bf making them, agree fo very nearly, that I have 

Co a littte 
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little doubt but that the conclufions may be luffi- 
ciently depended upon. • 

That vitriolic acid air fhould faturate n>ore alka- 
line air than marine acid air can do, is agreeabfe 
enough to the obfervation of the quantities of wi- 
ter they refpeftively faturate j the difference between 
them, though much greater in this cafe, bemg in 
the fame way as in the other. For an equal quantity 
of water will imbibe ten times as much marine aci$i 
air as of vitriolic, WaJter will alfo take litde mptc 
than its bulk of fixed air j fo that a given quantity 
" of alkaline air ought, for the ' fame reafon, to take 
• lefs of this, than of any other kind of acid air, 
;which agrees with the experiment. And yet, con- 
fidering the apparent ftrengtb of the acids, one 
would imagine that the vitriolic, which, in this 
form, is weaker than the marine, fhould faturate 
lefs of the alkaline air ; and again that the fixed air, 
being the weakeft of all the acids, fhould faturate 
the leaft quantity of alkaline air. But the former 
view, in which the experiments do not appear at 
all extraordinary, is, infaft, more agreeable to the 
analogy of the faturation Of water with diefe acids; 
and the difference in the proportion abforbed of 
' each of them, corresponds to the difference of the 
' fpecific gravities of water and air. But 1 did o6t 
fee the fubje£l in tJiis light a priori. 

» ' SEC- 
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SECTION IV. 

Of the eleSlric Spark in jilkaline Air^ and its Conver-- 

fim into inflammable Air. 

J Took the ele<9:ric explofion in a fmall quan^ 
tity of alkaline airy and obferved, that every 
ftroke added confiderably to the quantity of air ; 
and when water was admitted to it, juft fo much 
remained unabforbed as had been added by the ex- 
plofions. I then took about, an hundred explofion$ 
of the fame jar, in a larger quantity of alkaline air j 
pfter which, fo much of it remained unabforbed by 
water, that I could examine it with the greateft cer- 
tainty. It neither, - affefted common air, nor was 
afFedted by nitrous air, and was as ftrongly mftam^ 
niable as any air that I had ever procured. 

In the next, place, I afcertained the quantity of 
inflammable air that may be produced from any 
given quantity of alkaline air. And this production 
haying its limits, certainly Ihews that the alkaline 
air fuppUes fome effential part in the conftitution 
pfit 

C c 3 To 
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To take my meafures with more accuracy, I, at 
this time, confined the alkaline air in a glafs tuhc^ 
o{ the fame dimenfions throughout ; and having it 
confined, as it neceflarily muft be, by quickfilver, 
I carefully marked the fpace which it occupied in 
the tube. I then took the eleftric fpark, or explo- 
fion, which ever of them happened to be the moft 
convenient, till I perceived that no more addition 
was made to the quantity of air j and then meafiir-? 
ing the fpace which it occupied, I found that the 
whole was, as nearly as poflible, three times as much 
^ that which the alkaline air alone had occupied. 
When I examined this air, I found it to have an in-^ 
flammability of the ftrongeft kind, firing with exU 
plofions, and in no re Jipft to be diftinguifhed froni 
that which is extrafted from metals by acids. Alfo 
the eledlric Ipark taken in this air wjte always red, 
though, as is alfo the cafe with other inflammable 
air, it was white in the centre of any confiderabk 
explofion taken in it. 

After this experiment it ftill remained a doubt 
whether, when the procefs was completed^ there 
did not remain, at leaft, fome portion of alkaline 
air not ^ffedted by it, and capable of being abforbed 
by water afterwards. To determine this, andlikc^ 
wife to repeat fo important an experinacnt upon a 
larger fcale, I began with one third of an ounce 
.pieafure of alkaline airjj and I took the elcftri? fpark 
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in it till I had got a complete ounce mealiire of air. 
Then admitting a little water to it, I obferved with 
the greateft attention, but could not perceive that 
any part of the air was abforbed by it. However, 
when I had made this air explode, by means of the 
flame of a candle, and immediately after applied my 
noftrils to the mouth of the veflel in which it had 
been contained, I perceived a very evident alkaline 
fmell i fo that the whole of the volatile alkali had 
not been completely incorporated with this air, 
though it was fo much fo, as not to be feized by 
the water. And to give it a fairer trial, this water 
had been confined along with the air, upon the 
quickfilver, and had been even frequendy agitated 
with it, during two whole days ; and though it was 
but a very fmall quantity, it had no perceivable al- 
kaline fmell afterwards. 

When I refleded upon this change of the alka- 
line air by the ekftric explofion, I confidered that it 
might be produced either by eleSricUy asjucby or 
by the lighty or the beat^ which accompany the ex^^ 
periment. In order to try the efFeft of lights I ex- 
poied a fmall quantity of alkaline air to a ilrong light 
made by a burning lens, for feveral hours. But 
this made no fenfible change in the quantity of it. 
I therefoj-e concluded that the proper agent in thi$ 
procefs was not light. 

C c 4 I did 
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I did not immediately procec4 ?o try the cffeft of 
heat, but bbferved it by accident fome time after- 
wards, in the following manner. At the tim6 
that I was reviving metals in inflammable and al- 
kaline air^ J put a quantity of ochre into the latter, 
expeding to revive it in the form of iron ; and in 
this I feemed to fucceed, as the ochre became black 
in the courfe of the procefs. But what ftruck mi 
the moft was, that inftead of perceiving the quan- 
tity of air to decreafe, as I had expefted, there was 
very foon a vifible increafe of it. Examining the 
air, I found it to contain no fixed air^ and to be all 
ftrongly in^ammable. 

Still attending to other circumftances befides ditf 
change of the alkaline -air, I proceeded to heat in it 
fcales of iron, and iron itfclf^ of different kinds, and 
ftill found that the air was increaled in quantity, and 
changed in its quality. But in this way I could 
never increafe the bulk of the air more than twicey 
and feldom quite fo much. Alfo, after the pro- 
ccfs, when I could make no farther change in the 
air, I flill perceived a very ftrong fmell of volatile 
alkali. The iron had undergone no change that I 
could difcover, fo that I concluded that the air ha4 
been affefted by means of heaf only. 

To afcertain this, I then proceeded to heat in the 
alkaline air bits of dry crucibles, or of earthen re-* 
torts, which had been juft before expofed to very 

grca; 
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great' heats, fo that thqr could not be fuppofed to 
give out any air in this procefs, and therefor^ coul4 
only fcrve to produce a ftrong heat in the alkaline 
air. The refult feemed to confirm my fuppofition. 
For in thefe experiments with earthy fubftance^ 
the efieft was always the fame as when I had mad)9 
ufe of ochre or iron. The air was increafed in 
bulk, but the quantity not quite doubled, and it 
was become inflammable. 
^ The bits of white earthen ware having alwaysi 
become black in this procefs, I fuipefted that this 
kind of fubftance might have afFefted the air in 
ibme other way than by merely qomniunicating 
heat to it. To try this, I nied the fam^ fmall bit; 
pf crucible again and again, and finding the famq 
efiedt from heating it at the laft, as at the firft, \ 
could not help concluding that the change pro- 
duced in the air had been efie6ted by means of 
hmi only. 

In all thefe experiments, however, there was 2k, 
ftrong tight as well as an intenfe heat concerned.. 
In order to afcertain, therefore, whether the light, 
atleaft in. conjyndion with heat, might not have 
had fomc efFcft in this change of the air, I heat- 
ed a quantity of it in a coated green glafs retort* 
The rnouth of the retort was plunged in a bafon 
of mercury, and I received in a glaf« tube filled 

with 



394 OBSERVATIOKS OM Pdtt IK 

with water all the air that was driven out of the 
retort by heat. At firft it was all abforbed by 
the water; being merely alkaline air expelled by 
rarefaftion. But when I concluded that the bulb 
of the retort was become red hot, the bubbles that 
were driven out were not wholly abforbed by wa- 
ter, and by degrees no part of them was abforbed. 
This air I examined, and found it to be infiam- 
mable. The retort was melted in the procefs, fo 
that I could not examine the air that remained in 
it; but my purpofe was fufficiendy anfwered, as 
I faw no room to doubt, but that the change of 
the alkaline into inflammable air was produced by 
mere heaty without the aid of light, if a red heat 
can be fo termed. How the heat operates in this 
cafe I cannot tell. 

It was obfervable, that whenever I changed al- 
kaline air into inflammable, by heating in it bits 
of crucibles or retorts, into the compofirion of which 
4lay enters, they always became black. There was 
room, therefore, to fuppofe that it was not by 
meansof«?^^i&^/ that this change was made, but 
that fomething might be depofited from the air, 
which might attach itfelf to the clay. Indeed, if 
this was not the cafe, I do not fee why the clay 
ihould become black; though, perhaps, part of 
the fame phlogifton which forms the inflammable 

air 
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air may be attra&ed by the red hot day, with-, 
out there bemg any proper decompofition of the 
air. 

That this is the cafe, feems probable from an 
experiment in which I ufed white porcelain, in- 
ftead of bits of earthen ware, into the compofition 
of which clay eno^rs. For this fubftance did not 
become black in the procefs, and yet inflammable 
^ir was produced. But I muft obferve, that a con- 
fiderable time was requifite to produce this effedb 
in thefe circumftances, apd that it was not much 
inflammable air that I was able to procure in this 
way. It was, however, in winter, and the heat 
that I could apply was not greats 

Alkaline air is converted into inflammable air 
by making it pafs through a r^d hot earthen tube, 
as well as by the eleftric fpark, but by no means^ 
I think, in fo great a degree. I put two ounces 
and ten pennyweights of water, pretty ftrongly im- 
pregnated with alkaline air, into the retort, and 
heating it, fent the vapour through the hot tube ; 
when I coUedted two ounces three pennyweights 
of liquor, which had a difagreeable empyreumatic 
fmell, as well as that of volatile alkali ; and it 
was quite opake with a black matter which 
fubfided to the bottom of the veflel. Alfo 
the tube through which the air and vapour 
}isi4 been conveyed was left quite, black, 

5 Poe 
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One of the jundhircs in the apparatus not haying, 
been air tight, I did not coileft all the air ; but 
it came only at the beginning of the procefs, and 
before the tube became black, or any liquor was 
diftilled ; and it was all ftrongly inflammable, 



SECTION V, 

^e Analyfis of AUtaline Air, 

TH AT alkaline air contains phlogifton appear$ 
both by the calces of metals being revived iii 
it, and by its being converted into a Ipecics of in-^ 
flammable air, by the ekdtric explofion, and other 
proceflfes. By the following experiments it feems 
to contain lefs phlogifl:on than an equal bulk of 
inflammable air from iron, and about one fourth 
of its bulk of phlQgifl:icated air. But it is not pof- 
fible to afcertain this with perfedt exaftnefs, from 
the nature of the procefles. I fhall therefore recite 
the experiments in the order in which they were 
made, fome of them being more, and others le& 

accurate. 

i' I firfl: 
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I firft bbferved that fome mafficoty which 1 ufed 
in fome of thefe experiments, contained a portioh 
of fixed air, which could be expelled from k by 
^heatj but When I melted it in alkaline air, by 
which mdUfis the lead was always revived, I found 
'no fixed air in the refiduum, but only pure phlo- 
•gifficated air. This, however, is eafily accounted 
for, as the alkaline air would immediately 'unite 
"Vith any fixed air that fhould be fct loofe in the 
cprocels. 

With refpeft to the quantity of lead revived in 
alkaline air, it is difficult to ' be afcertained, ort two 
accounts. In the firft place, fome of the calx h 
Wackened, and imperfeftly revived ; and again, if 
particular care be not taken, the lead that is revived 
-will be diffolved in the mercury, by which the air 
muft necefl&rily be confined^ To prevent this lift 
inconvenience, I put the powdered mafficot into 
fmall earthen cups, which I contrived to place with 
their mouths upwards, fo that when the lead was 
revived, by means of a burning lens, it wouM re- 
main in the cup, and not mix with the mercury 
by which it was fupported. On thefe accounts, 
however, the lafgeft quantity of lead that was re* 
*vived muft always be confidered as neareft thfe 
itruth. '.' ■ ■ 

In three ounce meafures of alkaline air, I fiift 
-revived fix grains of lead, then in three ounces and 

a half 
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a half fixteen grams, in two ounces and a half 
thirteen grains, and in three otirtces three fourths 
twelve grains* In five ounce meaftires I revived 
ten grains, befides blackening a quantity of it, 
and thefe remained one ounce meafurc of phlo^ 
gifticated air. But the experiment which I made; 
with the mod care, and on which I place the great-' 
eft dependence, was the following. 

In feven ounce meafures and a half of alkaline 
air, I revived twenty fix grains and a half of lea^ 
and there remained two ounce meafiires and a half 
of phlogifliicated air. In this proportion 100 ounce 
meafures of alkaline ^r would revive 352 grains 
of lead; whereas 100 ounce meafures of infiamr. 
mable air from iron would revive 480 grains of 
lead. But alkaline air is refolvable into confider- 
ably more than twice its bulk of inflammable air, 
and therefore it might have been expedted that it 
would have revived much more lead. Would it 
not, therefore follow from this, that phlc^ifticatcd 
air contains a very great quantity of phlogifton, 
many times more than an equal bulk of pure in- 
flammable air. Suppofing alkaline air to be re- 
folvable into no more than twice its bulk of in- 
flammable air, a hundred ounce meafores of it 
ought to revive 960 grains of lead. But in the 
proportion mentioned above, it would revive no 
m6rQ than 608 grains. As much phlogifton, there- 
fore, 
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fore, as would revive 342 grains of le^ (which is 
the difference between thefc two numbers) fhould 
be contained in about twenty five ounce meafur^s 
of phlo^fticated dr. Confequendy a hundred 
ounce meafures of phiogifticated air would revive 
1368 grains of lead, which is niore than twice as 
much as an equal quantity of pure inflammable 
air would revive. It mull, however, be confidered, 
that the inflammable air, into which alkaline air is 
refolvable, is not the fame with that which is pro- 
cured from iron, and may contain much lefs p^lo- 
giflion. 

To thefe experiments, on the revival of lead' 
in alkaline air, I fhall fubjoin an account of fbme 
that were made with other calces, heating them all, 
when confined by this air, by means of a burning 
lens. 

Glafs of antimony abforbed a part of the alka- 
line air, and there was the appearance of metal 
in feveral fmall globules, whereas I could get no 
fiich appearance from the fame fubftance in inflam- 
mable air. 

By heating fcales of iron in alkaline air, it was 
much increafed in quantity, and then 1 found it to 
contain no fixed air, but the whole was ftrongly 
inflammable. No water was produced in this pro- 
ct{%. The iron was revived, being perfeftly folu- 
ble io diluted oil of vitriol i and firom being twenty 

fquc 
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Tour grains had loft one grain in weight It is 
evident from this experiment, that there is water 
in alkaline ain 

As alkaline air evidendy contains phlogifton, and 
as fuch was capable of reviving lead, and ho doubt 
the other metals, I had the curiofity to make ufe 
of it in other circumftances in which I had before 
ufed inflammable air ; and among other things I 
tried the efFeft of heating red preciptate in it. 
The cdnfequence was, that the mercury was re* 
vived, and at the faine time a confiderable quan- 
tity of water was produced. It has even run down 
in dro^s in the infide of a veflel which contained 
dbout five ounce meafures of the air. The ^r 
-which remained after this procefs was about hdf 
• as much as the original quantity of alkaline air, 
and it had in it a quantity of undecompofed dc- * 
•phlogifticated air. For with two equal mealures 
ofriitrous'air, the ftandard of it was 1.4, and there 
'•was nothing inflammable in it. 

Again; I threw the focus of the lens upon red 
precipitate, in alkaline air, till three meafures of 
'it wei^ reduced to two. Water was produced in 
•the procefs, and the air that remained was con- 
Tiderably dephlogiflicated ; the ftandard oT it, with 
a ' mixture of two equal meafures of nitrous air, 
being 1.7. 
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But in anbther experiment of this kind, there 
muft have been a quantity of inflammable air fet 
loofe from the alkaline air, as well as dephlogifli- 
cated air from the red precipitate ; becaufe, after 
the operation had cohtinued fomfe timej there was 
a violent explofion within the veflel ; which threw 
it many feet perpendicularly into the open air, as 
I was holding it in my hands. In this experiment 
I had been particularly careful to rhake every thing 
concerned in it as dry as I polTibly could, in order 
to fatisfy myfelf with relpeft to the production of 
the water which I Had folind before; and there 
was time enough before the explofion to obferve 
that water was certainly produced in the procefs. 
To appearance the quantity of air was never much 
diminifhed. 

That water fhould be produced when the fcales 
of iron are heated in alkaline air, which I found to 
be the cafe, is ndt extraordinary, as the fame is 
found on heating this fubflance in inflammable air; 
and I it appears to contain within itfelf the water 
that is expelled from it 

, In this cafe it mufl have come, in part from 
the alkaline air, which I have 'obferved, certainly 
cont^ns it, and in part from the precipitate ; and 
fince it is capable of yielding dephlogifticafed air 
by heat, it mufl contain water, which enters in a 
great proportion into this kind of air. 

Vol. II. Dd BOOK 
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B O O K VII. 

MISCEtLANEQUS EXPERIMENTS i^ND OB- 
SERVATIONS RELATING TO AIK- 



SECTION L 

Of thi Aerial Form ^ Stthpames. 

Ir^HOUGH, fince the accidental (fifcovery ef 
^ the marine acid air^ I have purpofely fought 
for others, and not without foccefs> having found 
feveral other kinds of acid zk, befides die aikaHiie 
principh^ which, I have alfo been abfe to exhibit in 
the fan»e fbrm> fi'ee from any combination with 
wa&eti» I by no. means conclude that I have dif- 
coveoed all the kinds of air thac may exift in nature ; 
or, in^ other words, all the kinds of fubftances^ lim- 
pie, or compoundi that ate capable of being re- 
duced 
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duced to % df-y and permanendy elaftic vapour. 
For I belifcVe there is no fubftance in nature but 
whslt i^ capable of affumirig that form, in a certain 
degree ofheau And though my experience in thele 
matters might enable me to judge pretty well a 
priori What fqbftances are likely to yield air, and 
of what kind if will be> I have frequently been 
exceedingly difappointed in my expeftations in this 
reipedti and I have referved for this place the men- 
tion of feveral lubftances, and combinations of fub- 
ftances, which, in general, contrary to my expe6lar 
tions, though not always fo, yield no air that I can 
difcover; and I Ihall be glad to be informed by 
any perfon why they do not. 

1. Haying expelled a permanently elaftic fluids 
to which I give the name of air, from Ipirit of falt> 
volatile Ipirit of fal amnrToniac,r and other fluids^ I 
took it for granted, that from radical vinegary which 
is the pure vegetable acid, in its ftate of greateft con^ 
ccntration, I fhoxdd have got a true vegetable acid 
airj but it certainly yields no fuch thing by rffe 
application of heat only. Though radical vinegai- 
yields air by the diffolution of forti^ metallic fub- 
ftanees, I could not make it give any air by the 
hdp'ofany other fubftances containing phlogifton*, 
which is the cafe with oil of vitriol ; and I gave 
it, for this purpofe, a boiling heat,- with all the 
lubftances foltowing, viz. coppery quick/iiver, bif- 

Dd 2 muth^ 



404 MISCELLANEOUS Bo$k VlK 

muthj charcoal, dl bf turpmine, Jprit of mne^ and 
liver ofjulphur, which laft, however, yielded a litde 
fixed airs but this muft have been contained in 
It before. 

a. I was hardly ever more lurprized than wheni 
I found that I could get little or no air from the 
ftnoking liquor of Labdvius, though the fome iffuing 
from it is fo exceedingly denfe. I heated a con^ 
fiderable quantity of this liquor prepared by Mn 
Woulfe, and which he obligingly brought me fof 
the fake of the experiment, which he hhtifelf fug-^ 
'gefted, as not likely to fail. This I did in a glali 
phial with a ground ftoppferi intending to receive* 
the produce in quickfilver. But litde or nothing 
came over, befides the common air which had 
lodged in the top of the phial, and which appeared 
not to have been in the leaft injured after the ex- 
periment. A very fmall part, however, of what 
came over, , feemed to be abforbed by water ; and 
alfo when, in the prefence of Mr. Woulfe, I en- 
deavoured to convey the air that might be expelled 
from this liquor mto a quantity of alkaline air, a 
flight degree of wbitenejs was produced. But both 
thefe efFeds might have been occafioned by a 
litde redundant ipirit of fait contained in this li* 
quor. 

3. I have not yet been able to combine either 
the fixed or the volatile alkali:^ with any fubftancc 

whatever, 
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whatever^ fo as to form a permanent air, though 
the alkaline principle itfelf may be exhibited in that 
form. Some fa6fcs had been mentioned to me by 
Mr. Woulfe, which led us both to conclude, that 
air might be procured fronci it by means of a folu- 
tion of irm. But when, in confcquence of this 
hint, I endeavoured to procure air from iron by 
means of the alkalis, the experiments which I made 
for this purpofe did not fucceed. 1 boiled a quan- 
tity of very fine iron wire in cauftic fixed alkali^ 
after finding that nothing could be produced from 
it without heat ; and I put another quantity of tha 
iamie wire into a flrong volatile Ipirit of fal am- 
moniac, and alfo let fome of it remain about a 
month in alkaline air ; but in all thefe cafes, with:* 
out any yifible cfFeft. At the end of the laft- 
mentioned procefs, water being admitted to the 
air, abforbed the whole of it inftandy, which fhewed 
that it was perfedtiy pure, and had got nothing 
from the iron. Alfo, no air was produced froni 
liver of fulphur, dry or moift, in alkaline air ; anc| 
they continued together almoft two days. 

4. I expefted to have expelled fome kind of a}r 
(and at that time diought it not impoffible but it 
might be even phlogiflon itfelf, in the form of air) 
from j^/nV cf wine. But, like water, it was only 
converted by heat into vapour, which was con- 

D d 3 ^^P'^ 
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denfed again in the cool recipient. The addition 
of camphor to it produced no other efieft. 

5. I was not without hopes, at one time, that 
the paatter of the odoriferous pariicksy which aficft 
the fenfe of finell, might have been exhibited in 
the form of permanent air, as well as die exhala- 
tions of acid or alkaline fubflances ; but though I 
made the experiment with fevcral odoriferous fub- 
ftances, ibme grate£ul, and others ofienfi^^e to the 
(loftrils, it has hitherto been without any ^ffeft. 

I moft fincerely wifh that the reqfon of thefe 
phenomena may be fiiUy inveftigated, as luch an 
invelUgation, if fuccefsful, would probably carry 
us a good way into the knowledge of the ultimate 
conftitution of natural bodies, and help us to ea;- 
plain fome of the moft Rindamental laws re^fUng 
them. Hitherto I do not find that this iubje& ha$ 
€ven been thought of by philofophers. 
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SECTION II. 

Experimnis relating to the Jeeming Cotiverfion of 

Wfiter into Air*. 

SINCE maoy perfons have eetprefled a wifli to 
bc/ acquainted with the experiments I have 
lately made^ which at firft feemed to favour the 
idea of a Mwerftm of water into air, but which ter- 
niinated in the difcovery of a faft, in my opinion, 
ilill more extraordinary, I fliall fubmit to the Royal 
Society the refuk of the obfervations I have aU 
ready made j though, as yet, i have by no means 
been able to fetisfy myfelf fo fully as I could vvilh 
with refpeft to fome particulars connefted with 
the fubjeft. All the fa^^ which I fhall ftate may 
be depended upon i but it is probable, that different 
perfons may draw different jcondujims from them j 
and to mere opnions^ I hay^ never fhewed myfelf 
jmuch attached. 

* This fe<aion is tafceir from the Philosophical ^Trajiikaions, 
^1, Ixxiii. p. 414^1 
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Having formerly obferved feveral remarkable 
changes in fluid llibftances, in confequence of long 
cxpofure to heat in glafs veffels hermetically iealed, 
I then formed a defign of expofinjg all kinds of folid 
fubflances to great heats, in a fimilar flate of con- 
finement; and for that purpofe provided rnyfelf 
with a cafl: iron veflel, which I could clofe at one 
end, like a digefler, and of fuch a length, that one 
of the ends might be red hot, while the other was 
fofficiendy cool to be handled. To this end there w^s 
a cock connefted to a tube, by means of which I could 
let olF fleam, or air, in any period of the procefs, 

I imagined, that when fubflances, cbnfifting of 
parts fo volatile as to fly oflT before they had at-* 
tained any confiderable degree of heat, in the ufual 
prefllure of the atmofphere, were compelled to bear 
great heats under a greater preflyre, they might 
afliime new forms, and undergo remarkable changes, 
fimilar to what we may fuppofe to be the cafe 
within the bowels of the earth, where, by means 
of fiibterraneous fires, various fubftances bear great 
heats under very great prefldires. 

I have had this inftrument Ibme years; but it 
was fo ill conflxudted, that I could not make the 
pfe of it that I had originally intended. I there- 
fore lately fitted up fome gun barrel^ in the fam^ 
manner, and made my firfl: experiment with lime 

ftonci 
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ftone ; expedting that when the fixed air, and other 
volatile matters, that might be contained in it, 
Ihoidd be compelled to bear a red heat, without a 
poflibility of making their efcape, the fubftancc it- 
felf might undergo fome change ; but I had no par- 
ticular expaftation concerning the nature of that 
change. I had, however, been fo often favoured 
with valuable refults, from merely putting things 
into new fituations, that I was encouraged to make 
the experiment ; but I found an unexpefted diffi- 
culty in getting a cock that would be air-tight, and 
fteam-tight, under fo gre^ a preiTure as I wiihed 
to apply. 

I was mentioning thefe ideas to Mr. Watt, in 
whofe neighbourhood I have the happinefs to be 
fituated, when he mentioned a fimilar idea of his, 
viz. that of the poffibility of the converfion of wa- 
ter, or fteam, into permanent airj faying, that fome 
appearances in the working of his fire engMe had 
led him to expedt thi?. He thought that if fleam 
xrould be made red hot, fo that all its latent heat 
(hould be converted into fenfible heat, either this or 
fome other change would probably take place in its 
conflitution. The idea was new to me, and led me 
to attend more particularly to my former projefts of 
a fimilar nature, and I began with lime flone, wifh- 
ing to try the effeft of giving a red heat to lime, in 
which water only (hould be previoufly combined, 

thinking 
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thinking it might poffibly have 4:he fame cffeft with 
piakiog the water itfelf red hot. 

Accordingljr, I took a quantity of well calcined 
Hmc, and mixing with it a little water, out of 
which all air had been carefully boiled, I expofcd it 
gradually to a ftrong heat in an earthen retort, fuch 
z» I had been ufually fupplied with by Mr. Wedg- 
wood (who is as much diftinguilhed by his love, 
and generous encouragement^ of fcience, as he is by 
his improvements in his own curious art) not inaagin^ 
ing that it could nuke any difference whether the 
Kme> fo prepared, ihould receive its heat in an 
earthen retort, or in a veffel of iron or glafs. Pro- 
ceeding, however, in this manner, I found that 
Hothbg came over in the form of fieam^ but that 
tjhere was a great quantity of air^ feveral hundred 
times more than the bulk of the water, and at that 
time there was in it a confiderable proportion of 
faed a#, which I imagined might either be that 
which had not been fufficiently expelkd before, or 
rm^t be compofed of fome phlogiftlc B»at$er con*- 
tained in the lime, and the purer air that was yielded 
by the water. For I own I then concluded, that 
the air which I got (and which,, when the fixed air 
was extracted from it, was fuch as a candle would 
juft burn in) came from the water, efpecially as in 
fonae of the proceflfes, thq weight of the air I caught 
w^ veig^ nearly, if not quite equal to that of th^ 

watcr^ 
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vt2A&r, md interpofln§ a Urge gl'afs balloon between 
the retort and the recipient for the air^ I obferved 
that it remained perfeftly cool and drf during th« 
whole proceis ; and feveral hours afterwards ther« 
was not the leaft moifture condenfed in it. I alfo 
received a quantity of another produce of air, made 
in this manner in mercury, and having viewed it 
with the greateft attention, obferved that, after fe- 
veral days, it never depofited the leaft moifture. 

1 then calcined a quantity of natural lime ftone, 
^with this glafe baHoon interpofed in the fame man- 
jier, and found no water, but only air to come from 
it, though the ftone is generally luppofed to con- 
tain water. But when I ufed much more than half an 
ounce of water to the quantity of whiting or lime 
above mentioned, I always had fome wafer come 
©ver, though very little in proportion to the quan- 
tity made ufe of. 

I did not fail to examine whether there had been 
any lofs in the weight of the lime, or whiting, in 
order to determine whether any part of thefe Iblid 
jEb^^ftances had entered into the compofition of the 
air J but I found much difficulty in weighing them 
with exaftnefs, after fhaking them out of an earthen 
retort, into which 1 could not fee, and to which 
part of thefe earthy matters often adhered, fo that I 
coj|ld not obtain much farisfeftion even when I 

broke 
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broke the retort. Befides, there was always Ibmc 
lofs of the eardi in the cloudinefs of the air, when- 
ever the prodiiftion of- it was rapid. In a fiiture 
procefs I had abundant proof that the air did not 
come from any earthy matter with which the water 
had been combined. 

Hitherto I had no idea but that all that was ne- 
ceffary to the converfion, as I concluded it to be, of 
water into air, was to give it a red heat, without 
which it would nof quit the calcareous earth j and 
I imagined that by this means the matter, or prin-* 
ciple, of beat was fo intimately combined with it, as 
not to be feparated from jt by cooling, as in the 
f:afe of fteam. But I, as well as all my friends, was 
a long time utterly difconcerted upon fipding that; 
when I put the whiting and water into a coaped glals 
retort, the water came oyer ^n the form of fteam, 
and litde or no llr was produced. The refult was 
^fo the fame when I made the procefs in a gun barr 
rel, in a porcelain retort, or even in an earthen re- 
tort glazed in the infide. 

That the earth had not loft its property of doing 
its part in the bufinefs, I found by putting more 
water to the fame whiting which had failed in the 
gla(s retort, and which had been ufed no lefs than 
four times before, /&nd then heating it in an earthen 
f etort 5 when again it gave air only, and no water, 

I the 
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the fame as Before. And ac this time I obfervedj^ 
that part of the air was hardly to be diftmguifhcd 
from that of theatmolphere.' 

I cannot exprefs my lurprife at my unexpcfted 
^ilure with the glafs retort ; and my ipeculations 
on the lubjeft were various, but at that time altoge- 
ther ineffedhial. Among other things it occurred 
to me that, poflibly, fome phlogifton, either con- 
tained in the earthen retort, or coming through it 
(though I could not tell hoWf or on what principle) 
from the fire, might be neceflary to water, and all 
other fubftances affuming the form of air. But 
when, with this idea, I put fpirit of wine, oil, or 
iron filings to the lime, I got nothing from thefe 
mixtures in glafs retorts befides fteam and inflam- 
mable air, from the decompofition of thefe fub- 
ftances containing phlogifton^ 

That there was nothing in the materials of which 
the earthen retort was made, that neceflarily produced 
the air, was evident from my not fuccecding when 
I pounded a broken retort, and heated it, mixed 
with water, in one of glafs. 

Being fatisfied that the produ6tion of air depended 
very much upon the retort itfclf, I thought of ufmg 
the retort only with water, but without any lime, 
or earthy fubftance ; and I found it fucceed far be- 
yond my expeftation. For when I put a finall 
quantity of ws^ter into one gf thefe retorts, and en- 
deavoured 
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deavoured to diftil it gentty, I nevet fiiled to prof- 
cure about an hundred ounce meafures of air 5 and 
this I could do as often -as I pleafed^ with th6 laitife 
letott, and without its Idling an^ t^eight ; and the 
air produced in this manner never had any portiori 
ef fixed air in it, and was ahvays but very fitde in- 
ferior to that of the atmolphere. 

In all thefe proceffcs I obfcrved, that very litdc 
of this air was procured till all the water that coiild 
be poured out of the retort was evaporated, for the 
difference in the produce was very little, whether I 
fcxpofed the retort to the fire quite full of water, or 
with only about an ounce meafiire of water in it, or 
even after letting it remain full for a fhort time, and 
then pouring out all that I could fi-om it ; fo that it 
was only that water which was entangled, as it 
were, in the pores of the retort, and* which had beeii 
in fome meaiute united to the fiibftance of it, that 
had contributed to this produdion of air. 

' Thefe retorts' (which Mr. Wedgwood informs 
me are made of a mixture of frclhandof bumtDe- 
vonlhire pipe clay) are pervious to water, though 
not to air j fo thgt white die air is produced from 
that water which has entered the pores, the reft is 
fometimes vifibly making its efcape in the form 6f 
a copious fmoke on the outfide. It was evidently 
imp6ffible, however, as I then thought, and contrary 
to all the laws of hydroftatics^ that air ihould enter by 

5 the 
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the fame pores by which the water or fteam was efcap- 
iog, and at the fanoe time that its endeavour to force ib 
way out of the retort was fuch that it overcame a con- 
£derable rcfiftance from the column of water, at the 
mouth of my recipients. Air might have e/caped 
through any unobferved pores in the retort, but 
fione could have entered that way ; and if t^iere was 
the Icaft fenfible crack in any part of the retort, I 
was never abk to colleft any air at all *. 

But the following experiments fhewed, as I thought^ 
that it is fulficient for the produ&ion of air that 
fteam come into contadt with clay fufficiently heated. 
Between a copper ftill and the glafs tube communi-* 
eating with my recipient for air, I introduced the 
ftem of a tobacco pipe ; and by means of a fmall 
furnace, I kept about three inches of the middle 
part of it moderately red hot. In this ftate, making 
the water boil, I uniformly received air, though 
mixed with ftearti, at the rate of five ounce meafures 
in twelve minutes for more than an hour; but 
when I let the pipe cool, nothing but ftean^ was 
dielivered by it without any air at all. There wa$ 
no fixed air in this produce, and it was all fuch as a 
candle would hardly have burned in it. It migH^ I 
thought, have been better, and alfo more in quan- 

* It will appear, however, that the air miift have entered by 
the pores, but by means of a power very differeltit frointbat o£ 
ptjfitrei and able to<»)iDtend it. 

tity. 
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tity^ if I had not ufed the ftem of a foul pipe. But 
when I ufed a clean pipe in the fame manner, I did 
not find the air much, if at all, improved, Suf- 
peding this to arife from the near contaft of the fuel, 
I inclofed the tobacco pipe in an earthen tube, and 
&en I had air as good as I had generally got in the 
earthen retort, and not much worfe than that of 
the atmolphere. 

Another circumftance I oblerved was, that if the 
outfide of the veflcl which contained the water or 
fleamj through which it paffed, when the requilitc 
heat was applied to it, was not dry^ or perhaps 
furrounded with good air (for in thofe circum- 
ftances the following experiment diflfers from the 
preceding ones) the experiment did not flicceed. 

When I put the ball of an earthen retort, filled 
with moift clay, into an iron digefler, and applied 
heat to it, I got only a very little fixed air (which 
was probably compofed of a fmall quantity of sur 
beginning to be produced from the materials) and 
inflammable air from the vefTel. All that came 
over befides was fleam, and at lafl inflammable air 
from the veffel itfelf. 

Being now able to procure air by means of wa- 
ter, in this mofl fimple method, viz. by water only 
in th^ earthen retort, I had an opportunity of afcer- 
taining, with great eafe and cxaftnefs, feveral cir- 
cumftances relating to the procefs^ and of obviating, 

as 
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' as I thought) fome objeftions to the conclqfion that 
I had drawn from it. Amoi^ other things, I fully 
fatisfied myfclf that the earth of the retort contributed 
nothing at all to this produ6tion of air, but the 
water only : for having ufcd the fame retort till I 
had got from it nearly an ounce weight of air, or 800 
ounce meafures, I fouiid that it had not loft fo much 
as a fingle grain in weight. After the firft procefs 
it weighed juft three grains more than it did at firft, 
and it continued to weigh the fame till after the laft 
procefs. This fmall addition of weight might 
cafily have come from a litde of the water having 
been imbibed by the neck of the retort, where the 
heat of the fire could not reach it. When all the 
prbcelTes were over, I kept the whole retort , in a 
red heat for feveral hours, and then found that, be- 
fides lofing thofc three grains, it weighed eight grains 
lefs than it did at firft. 

Before this I had found, that the calcined whiting, 
which I had ufed in the firft experiment, could not, 
as fbme had fuppofed, attraft from the atmofphere, 
any conliderable part of the air which I got from it, 
after combining water with it : for two ounces of 
the whiting (which was the quantity that I generally 
made ufe of) did not attraft more than eight grains 
of any thing when it was expofed a whole day in an 
open difh, though it had loft more than half its 
weight in calcination. 

Vot. II. E c It 
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It had been ima^ned by fome, that the air which 
I got in thefc earthen retorts was that which had been 
attrafted from the atmolphere by the infide (iirface 
of them. But, befides that no air could ever be 
produced without water^ to obviate this objc&ion 
more particularly, when one of thcfe retorts was 
giving its laft portion of air, I immerfed the mouth 
of it in a baibn of water; and letting it cool in that 
fituation, filled it s^in without admitting any ac*^ 
cefs of air to the infide ; and yet, on repeatim; the 
procefs with it, the air was produced juft as freely 
as before. This operation I repeated feveral times. 
If it be faid, that the outfide of the retort aorafitd 
the air, flill the infide, being compoftd of the &me 
materials, ihuil have attrafted air alfb \ and it 
would have appeaitd by the afccnt of the water from 
the bafon, the retort bring fufficiendy hnpervious t9 
air. 

By fome it was imagined, that either the air itfcif 
that I procured, or at leafl the power of the retort 
to contribute to the produdlion of it, was owing to 
fomething that was tranfmitted from the burning 
coals, but which could not pais through glafs or me- 
tals. To determine thb, I took an eanhcn tube, 
of the fame compofition with the retort, and putdng 
a little water in it, placed it, furrounded with £uid, 
in a glais veflfel, and this again, furrounded alfo widi 
fand, in an iron one ; and yet die heat tranfmitced 

I through 
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through all thefe fubftances^ enabled the earthen 
tube to give air^ in the fame proportion, and of the 
fame quality, as it would have done if it had been 
expoied to the naked fire. 

Having now procured air, bjr means of water, in 
a very fimplc, and as I thought, an unexception- 
able manner, I wifiied to make it in greater quan- 
tides, in proportion to the water employed ; and 
for this purpoie I firft thought of mcreafing the fize, 
or the thicknels of the porous retorts ; but I thought 
k might anfwcr as well if I put into the retort, in 
powder, the materials of which they were made, or 
other fubftances of the fame kind. 

Accordingly, by mixing ground flint and clay in 
various proportions, I prefently increaled the quan- 
tity of air much beyond my expeftation. In the 
iiril trials, in which I had much flint and a litde 
clay, I never £uled to get 200 ounce meafures of 
air from one of water. Then, ufing more clay and 
lefs flint, I had ftill more air ; and at lafl:, leaving 
out the flint altogether, and uflng clay only, I never 
failed to get much more than 400, and generally 
between 500 and 600 ounce meafures of air from 
one of water, which was about three fourths of the 
weight of the water ; and in one particular proceft 
I procured very litde lefs than . nine tenths of the 
weight of the water in air, and this air was never 
much lefe pure than that of the atmolphere. Some- 

E e 2 . times 
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times It could not be diftinguilhed from it at all bjr 
the teft of nitrous air ; and once or twice I thought 
it even purer than that of the atmolphere. 

I mull here obferve, that I found it not conve- 
nient to put fo much water to any quantity of clay 
as would make it cohere in one mafs^ but only io 
mtich as that it fhouM remain in the form of pow- 
det. By this means? it might cafily be potired out 
of the retort when the experiment was over. 

The weight of the water expended in this pro- 
duftion of air I afcertained, in the moft unexcep- 
tionable manner, by weighing the retort, with all 
its contents, before and afer the procefs. I fhall 
explain this by the refolt of two of the proceffcs. In 
one of them, the retiort and nroiftened clay togethef, 
loft in weight 588 grains, after yXeldirrg 741 ounce 
meafiircs of air, which (in the proportion of fix 
grains to one ounce meafure) Would have weighed 
444 grains, and confequently, about three fourths 
of the weight of the water. 

In the other jwocefs, the lofs of weight was 358 
grains, after yielding 556 ounce mcafiires of air^ 
which would have weighed ^^^ grains. The pro- 
portion, therefore, between the weight of the air 
and that of the water was 11 1 to 116, or nearly 
nine to ten, 

, I alfo found now, that fo much hear as I had 
hitherto applied was neither necei&ry nor ufe- 

fuL 
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fol. In the laft mentioned procefs the retort was 
conftantly fufpended abovit fix inches above a mo- 
derate charcoal fire ; at another time more than 
twelve or fifteen inches above i^ where a Fahrcn- 
beit's thermometer did not (hew niore than 2jo^. 
With this moderate heat I got 465 ounce meafures 
In the courfe of about twelve hours. When the re- 
tort was fufpended within fiix inches of the fire, the 
air was generally produced at the rate of thirty ounce 
meafures in five minutes. But a thermometer, the 
bulb of which was iipmerfcd in the clay^ was ftill 
pnly at the hpat of boiling water. 

In all thefe proceflfes, however, there was evident^ 
ly fon>e lols of w^?er 5 for, e^ceptmg the firft expe- 
riment with tjie lime, I never got the whole weight 
of the water in air; and it might be faid tl>at I only 
pcpelled the air before contained in the w^ter, thoiigh 
from thef^ escjperiments it appeared to contain much 
more air than it had b^^en thought capable of con* 
taining. To obviate this pbjeftion, I contrived tQ 
catch all the w^r that efcaped through the pores of 
die retort in the foUpwing m^^nner, 

Having put the moifteped clliy into an earthen 
(ub?, to which I had fitted a cock and ^ long glais 
tube (by means of which I could colledt all the air 
that came from it) I put this within an iron tube, 
which was clofed at the end next the fire, but open 
gt the other end, and fo long that I coq|4 eafily 

JS c 3 Jcecp 
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keep this open, and quite cool, "while the other was 
in the fire ; confequently, whatever water efcapcd 
through the pores of the earthen tube, it woyld be 
eondenfcd in the cool part of the iron ohe, Thi* 
water I carefully colledted^ and always found that 
the weight of it, together with that of the ^r pro- 
duced in the experiment, was nearly that of the ori- 
ginal weight of the water, eftimatcd by die lofi of 
weight in the earthen tube and its contents. I alfb 
found, that the water fo coUeded ferved for the pro- 
duftion of more air, jufl as well as any other water 
whatever, fo that there had been no decompofiuoii 
of the water in the cafe. 

In the laft procefs that I went through of thi$ 
kind, the lofs of weight in the earthen tube, or ra- 
ther of the water contained 'in it, was J92 grains J 
the air cdllcfted was 173 ounce meafures, which 
would have weighed eighty nine grains, and the wa^ 
tcr which efcaped through the pores of the earthen 
^be, and which I collefted, was nearly i ^^ grains j 
fo that the air and this water together weighed 302 
grains, or ten grains more than the original water. 
But as I eftimated tthe weight of the water only by 
fhe fpace which it occupied in a cylindrical glais 
tube, divided according to ounces and parts of 
ounces of water, it was not eafy to avoid an errot 
of a few grains. At other times there was an error 
of a fmall magnitude on the other fide. But it will 

appeaf 
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aj^ar hereafter, that more fleam muft have efcaped 
invifibly at the open mouth of the iron tube than I 

HfTA aware of. 

That nothing could enter by the pores of the re- 
tort at the fame time that the water was making its 
efcape out of them, I thought I afcertained pretty 
fati^^orily by immerfing the bulb of it in mercury, 
contsuned in an iron vefTcL In thefe circumflances 
I drained air as ufual, only the produce was not 
fo rapid. In this way, however, I procured above 
an hundred ounce meafures of air from moiftened 
clay I and I difcontinued the procefs without per- 
ceiving any termination of it* But the moment the 
xetort was r^fed out of the mercury, it gave air 
three times as faft as it had done before. The qua- 
lity of the air was the fame in both cafes, viz. a 
little worfe than that of the atmoiphere. 

I even coUefted thirty ounce meafures of air when 
the bulb of the fame retort was immerfed in hot 
linfeed oil ; but the produdiion of air gradually 
ceafed, and the next day I found the retort almoft 
lull of the oil, which had foaked through it. Dif- 
tilling this oil, I got 300 ounce meafures of air 
wholly inflammable, except a very few ounce 
.meafures at the laft, which were only phlogifii- 
cated. 

Another prefumption in &vour of the generation 
of our atmolpherc from water was, that the purity of 

£ e 4 the 
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the air that I produced from it is fo very nearly the 
fame with that of the atmofphere. And the degree 
of heat requifite to produce it is no greater than may 
be given by -the rays of the fun in certain circum- 
ftances. Subterraneous fires, however, would be 
abundantly fufEcient for the purpofe, as it appeared 
to be fufEcient for the converfion oS. water into re- 
Ipirable air, that it come into contaft with clay, and 
perhaps many other earthy fubflances in the form 
of vapour. I mufl, however, obferve, that when 
I threw the focus of a burning lens upon a quantity 
of moifl clay, either in vacuoy or in common air, I 
^t no ^ir from it. 

I made this experiment both with the clay ex- 
pofed in an open difh, and alfo confined in a fhort 
earthen tube. Had I then proceeded to repeat this 
lafl procefs with a communication between the in- 
fide of the earthen tube and the external air (as I 
then propofed to do, but was prevented) I fhould 
much fooner have difcovered what I did afterwards, 
viz. that there was no real converfion of water into 
air in diis procefs. 

The difficulty that flrikes many perfons mofl for- 
cibly, is the want of analogy between the converfion 
of water into air with any other known fads in phii- 
lofophy, or in nature. But admitting that this con-, 
verfion is efFedted by the intimate union of what is 
called the principle ofk^at with the watjer, it- appears 

to 
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to me to be fufficieritly analogous to other changes^ 
or rather combinations, of fubftances. Is not the 
acid of nitre, and alfo that of vitriol, a thing as 
unlike to air as water is^ their properties being as 
remarkably different ? And yet it is demonftrable, 
tiiat the acid of nitre is convertible into the pureft 
refpirable air, and probably by the union of the 
fame principle of heat. 

By the fame procefs by- which refpirable air 
feems to be made from water, inflammable air may 
certainly be made from liquid fubftances contain- 
ing phlogiflon. Making fpirit of wine to boil in 
a glafs retort, I made the vapour pafs through the 
ftem of a hot - tobacco pipe, and found that it was 
all converted into inflamrnable air, and it was of 
that kind which burns with a lambent white flame. 
But when I let the pipe cooly no air was produced, 
but only vapour, which was ihflandy condenfed in 
the water. 

Being now mafter of a new and eafy procefs, 
I was willing to extend it to other liquid fubftances j 
and I prefently found, as I then imagined, that, 
by this means, I could give a permanent aerial 
form to any liquid fubflance that had been pre- 
vioiifly thrown into the form of vapour. 

When I made the vapour of fpirit of nitre, heat- 
ed in a glafs retort, pafs through the flem of the 
hot tobacco pipe, J got as pure dephlogiflicated air 

as 
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as evef i have procured from nitre; though the 
cork, by which the retort was connefted with the 
pipe, was difiblved, and muft have contributed to 
contaminate it, and give it a flight mixture of 
fixed air. 

With oil of vitriol I got air confiderably phlo- 
^icated, fb that a candle would not have burned 
in it \ but this I alio attribute to the cork, which 
was diffolved in the proccfs. The reliilt was nearly 
the fame when I ufed water impregnated with 
yitriolic acid air, though the cork was not dif- 
folved. But this acid is known to contain much 
phlqgifton. 

. When I ufed water impregnated with fixed air, 
this »r was expelled by the heat, and came over 
withoiu: any change that I could perceive, except 
that the refiduum was larger, from the water that 
came along with it. The air I got afterwards 
was only that from the water, and of the lame 
quality as if it had not bcjen impregnated with 
fixed air. 

Water impregnated with alkaline, air gave neither 
.fixed nor inflammable air, which I had. rather cx- 
pefted, but only air confiderably .phlogifticated ; 
though fome of it was fo pure that a candle would 
have burned in it. 

N. B. In all theie experimoits with the tobacco 
|dpe, all the air was remarkably turbid, like ixiilk, 

and 
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and even the common air in the retort before the 
procefs properly began. 

In this ftate of the experiments I think I may 
ventuie to fay, that no perfon could have ieen 
them without concluding diat there was a real con- 
verfion of water into air, there being no known 
principle, or faft, in philoibphy, that could have led 
any perfon to fu^A a fallacy in the cafe. In this, 
therefore, I muft have acquiefced, as indeed did 
all my acquaintance, even thofe who had been the 
mdl mcroMous on the iubjedtj after they had 
themfelves feen the experiments. But I was led 
to the fardier proiecution of dus bufineis, in con* 
fequence of having obferved that the fwrky of the 
air which I procured depended upcm the ftate of 
that which ws^ immediately contiguous to the 
earthen retort, or ti^, in which I fuppofed the 
converfion to have been made \ and that fome com- 
munication with the atmofphere was neceflaryto 
die production of any air, as in the experiment 
with the digefter, and thofe with the clay and the 
burning lens. And fince pure external air was 
necefllary in order to procure good air, it was con* 
cliided by feveral rf my friends, and elpecially Mr. 
Watt, that the operation of the earthen retort was, 
to tranfmit phlogifton from the water contained in 
the clay to the external air; and that the water^ 
thus dephlogifticated, was capable of being con* 

verted 
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vcitcd into refpirable air by the intimate Vuiuon of 
the principle of heat* 

In order to afcertain what the influence of the 
external air in this cafe really was, I inclofed an 
earthen retort filled with moiftened clay, in a large 
glafs receiver, open at both ends, through the upper 
orifice of which (being narrow) I thrufl the neck 
of the retort, luting it fo as to be perfedly air tight ; 
and placing the receiver in a bafon of water, by 
which the air within was cut oflF from all com-, 
ununication with the external air, J fitted to the 
mouth of the retojt a glafs tube, through, which I 
could receive whatever was produced in the pro« 
cefs*. In this fituation I heated . the retort, by 
tpeans of Mr. Parker's excellent burning .lens, when 
air was received through the tube communicating 
with the infide of the retort as ufual ; but at the 
fame time the water rofe within the receiver. 
This cffed: might be owing to a phlo^ftication of 
the air within the receiver ; but it was foon dirni^ 
nifhed far beyond the utmoft limit of that procefs, 
fo that very little of it remained j and examining 
this air, I found it to be nearly the fame with that 
of the atmoiphere, as alfo wa; that which came 
from the retorL 

* PI. Vn. fig. z. exhibits a view of the diipofition of the apparatyjl 
ifi this experiment^ and in many others of the lame nature. 

5 "This 
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This experiment made it probable, that the air 
on the outfide of the receiver had aftually pafled 
through it ; and yet it was contrary to all the 
known principles of hydroftatics; and even any 
thing hidierto known in chemiftry, that. air ftiould 
be tranfmitted through a veffel of this kind, and 
in a direftion contrary to that in which it would 
have been forced by the preflure of the atmofphere; 
while the water, with which the clay was moiftened, 
went the other way. For had the retort been 
pervious to air, as the inlide had a free commu-^ 
nication with the atmofphere, die water could not 
hav€ rifen within the receiver. This, however, 
appeared to be the cafe, by the following decifive 
experiments. 

Having filled the earthen retort vdth the moif- 
tened clay as before, I made the infide of the re- 
ceiver perfectly dry, and placed it in . a bafon of 
mercury ; when, upon heating the retort as before, 
the receiver was all covered with dew, which col- 
lecting into drops trickled down the infide of the 
receiver, and remained upon the mercury, which 
rofe widiin the receiver, while air was received 
from the retort as ufual. I had no doubt, there- 
fore, but that all the water within the retort would 
have got through into the receiver. Spirit of wine, 
or fomething that had the fmeU of it, was tranf- 
mitted 
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mkted from die day dirough the retort in die 
£uxie manner. 

I then filled dke receiver with inflammable air^ 
and upon heating the retort, it was all drawn throii^ 
it, and delivered as ftrongly inflanunable as ever 
by the tube cooununicadng with the infide of k; 
while the water rofe widiin the receiver, and even 
covered the retort^ which was fixed at the very 
top pf i^ ib that hardly any c^ the inflammable air 
remained within it. In liHe manner nitrous air 
paifed through the retort undianged. 

From thefe experiments it ieemed impoflSble 
not to infer^ that the clay of the earthen retort^ be* 
ing thus heated, deftroys for a time the aerial form 
of whatever air is expofed to the outfide of it;; 
which aerial form it recovers after it has been tranf^ 
mitted in combinadon from one part of the clay 
to another^ till it has 'reached the infide of the re- 
tort, while die water is drawn through it in a 
contrary^ diredHon*. 

Had this hypothefis been propofed a prmi, it 
would, I doubt not, have been thought more ex* 
traordinary than the converfion of water Into air. 

* Notwithftanding this, ]:tafon9 will pre&ntly be given, which 
ihew that this is no juft concltifion,.and that the procefs muft hare 
ibeen carried on by means of poreu 

The 
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The great difficulty with refpeft to the experi- 
ment with the lens is, that the water IhouW pals 
through die retort one way, and the air die other» 
and yet that the dir fhould not be able to pa& widx*- 
out the water. T It is alfo not a little extraordinary, 
that the weight of the air and that of die water 
Ihould be fo nearly equal. 

I cannot conclude this account without acknow- 
ledging my obligation to Mr. Parker for the ufe 
of his incomparable lens, and his obligingly iaflift- 
ing me in the management of it. Indeed, with^ 
out this very inftrument, or one of greater power 
than my own, I do not know diat the laft-mendoned 
experiments could have been made at all ? certain- 
ly not to fo much fatisfaftion*. 

When I wrote the preceding part of this ledlion, 
it was my opinion, that the air which was tranf- 
mitted through the earthen retort, had loft for a 
moment its form of air, and was properly incor- 
porated with the earth, as fixed air is in linne ftohc, 
and that it had refumed its aerial form in the iiv- 
fide of the retort ; becaufe thefe veflek had been 
air tight in all my other experiments. But though 
thefe earthen retorts be fufflciently air ti^ht for 
many purpofes, and we cannot blow dirough them 

* By nieaiis of (mall earthen veifelsy of an inch diameter in the 
bulby fuch asisreprefented inPl. VII. fig. i. the experiment is made 
ii^ith fufiicient advantage^ with a lens of twelve inches in dtameto-. 

when 
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when they arc plunged in water, yet unlefs they be 
glazed^ they are not fo air tight, but diat, with an 
air pump, air may be drawn throu^ them* Con- 
fequently, any power afting with the force of an 
sdr pump (which is only equal fe the preffure of 
the atmofphere) may overcome the difficulty of 
dr paffing through the fmall pores of fuch retorts ; 
and there are many powers in chemiftry much 
greater than this. 

At prefent it is my opinion, that the agent in 
this caie is that principle vvhich we caU aUraSion 
of cohefim^ or that power by which water is raifed 
in capillary tubes. But in what manner it a6ts in 
this cafe, I am far from being able to explain. 
Much lefs can I imagine how air fhould pai& one 
way, and vapour x^t other, in the fame pores, and' 
how the tranfmiffion of the one fhould be neceflary 
to the tranfniiffion of the other. I am fatisfied^ 
however, that it is by means fuch pores as sdr may 
be forced through, that this curious procefs is per- 
formed, becaufe the experiment never fucceeds but 
in fuch veffels as, by the air pump at leaft, appear 
to be forousy though in all fuch. But the fmall- 
neis of the pores feems to be rather an advantage 
in this experiment; and the fmalleft capillary tubes^ 
alfo are known to a6t with the greateft force. 

A veflcl fcooped out of chalk anfwered as well 
as an earthen retort ; fo alfo did one of free-ftone^ 

firft 
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fifft about a quarter of an inch in thicknefs) and 
. dien verj^ near an inch, which I got made for thd 
purpofe; and fo alfo did a vefTd of white marbk 
of the clofeil texture, though ic is fufficiendy air 
tight for moft purpoies> and nothing but the air 
pump coxiid have convinced me that it had any 
pores. > .. 

In order to meaiure die force of diis attra&ion, 
I placed the glafs veflel through which I tranfmit* 
ted the rays of the fiin (and which contained tht 
air that was to be drawn through the retort) in a 
bafon of mercury, and found that while die vapour 
(iE>f water was tranfmitted from moiftened clay ift 
the infide q/[ the retort, into the infide x)f the gla& 
^Stl (and coniequendy the air pafi^d the contrary 
mtj^ ib a3 to enable the atmofphere to prefs the 
tnei^ury into the infide of the glafs ^efiel) it rofe 
tkree :inclies and a half above tdie level on the ow^ 
Ude c^ th( ghis. It mi^t probably have rifem 
£>mething bi^er, ^ all the water in the day had 
not thto been expended, "^his was a veiBci: made oii 
jpiirpofe^ of pipe clay bnly^ and very . compadh 
^When I ufed more porous earthen vefiels, I. was 
ticv=a^ able to raife thje mercury fa hi^. For 
i^en die pores are large, the miechanicaL aflioA 
occafioned by the weight of fuch a column of mer* 
ctiry counteradts the chemical One, and prevents 
thetntnfiniflton of the m qr fteam* 
e^— Vol. II. Ff Hawig 



434. MISCELLANEOUS Bock VIL 

Hiving fufficiendy afceitained what kind oi 
vejfels would anfytrer fortius experiment, \ thien 
tried what kind of fiuid JuhftiHses would, by their 
tranfiniffion in one direftion,- promote the. paffing 
of the air in the oth^r j . and 1 found that iw/j, ^ 
well as Jpirit ef v^m^y anfwerpd this purpofe ppr- 
fc(5Hy well ; and fo alfo did mercury ^ but npt any 
pther metal made fl^d by .heat. 
. The niercury paffed through . the r^cprt in the 
form oi . 2i {uhxlLt black p(rw4er I and on this occar 
fion I obferved that the ;veffel of pipe clay with 
which the experiment was made, was fo far air 
.tight, that. when I took it to* the air pump, nearjy 
;full of mercury, quite hot from die experiment in 
the fun, and placed it upon the plate of the air 
pump, I was tmt able to force any mercury through 
it. Probably . this black powder was much more 
-attsenuated than mercury, in its natural fluid ftace 
can be. There is alfo a ^degreq of repujfion Jbc- 
tween white mercury and all glafi or earthen vei&ls. 
This repulfion mechanical . preflure might not be 
able.to overcome, though this chemical action could 
do it . It remains,, however,, to be confidered, 
how the mercury in this procefs cQidd be chang- 
ed from its natural fluid flate into this black 
powder. 

While I was making thefe experiments with 
mercury, I took the opportunity of trying ok oi 

4 the 



^*» 



Sis. IL '. OBSIRVATIOMS ON AIR* 43J, 

the kinds of air that cannot be confined by Water i 
and having filled the glafs veflei with alkaline airj 
and having mercury in the veffel of clay^ I Iboii 
found, by the finell; that the alkaline air was paffing 
oiie way^ while the mercury went the other^ juft ai 
readily, I doubt not, as inflammable or nitrous 
air had gone one way, while water had gone the 
pther. ■ -. 

Of the mtak in a ftate of fluidit}^^ I tried lead^ 
fitly zinc, md iifmufb, melting them in porous 
earthen retorts I but neither did any metal pafi 
one way, or air the other. 
, 1 made fome attempts to perform this experi- 
ment with veflels which had vifiik pores, clpecially 
with fine capillary tubes of glafs ; havbg the Hop- 
pers of the glafs tubes made with fine perforations 
of this kind, but hitherto without fuccefs ^ and yet 
I do hot abfolutely defpair of fucceeding in an ex- 
{)eriment of this kind, and thereby feeing a littln 
fiu^r into this curious proee(s« 
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SECTION III. 

.' ' ' 

^ Experiments en Ether, 

IT is fomething extraordinary that, though edier; 
as I feund, cannot be macfe to afiume the ibrm 
6f air (the- vapour arifing from it by heat, being 
food condenftd by cold, eVeri in quickfilver-) yet 
that a very fmall quantity of ether piiic to any kind 
of air, except die acid, and alkaline, which k &i- 
hibes, almoft inftantly doubles the apparent quan^ 
t«y of it J but upon paffing this air through water, 
it is pfrefendy reduced to its'' original quandiy againi 
with littk or ho <:harige of quality. * . ' 
'I put about the quantity of h^ a ntil^ &ell &3 
#{^ ether,, indbf^ in a ^(s tube, throis^ a- bod| 
of quickfilver, into an oynce meafisre offcbnuratt 
air, confined by quickfilver j upon which it pre- 
sently began to expand, till it occupied the fpace 
of two ounce mealures. It then gradually con- 
traded about one fixth of an ounce meafiire. Put- 
ting more ether to it, it again expanded to two 
OMnee -meafures; but no more addition of ether 
would make it expand any farther. Withdrawing 
the quickfilver,- and admitting water to this air, 

without 
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without any agitation, it began to be ablbrbed; 
but only about half an ounce meafure had difap- 
peared after it had ftood an hour in the water. But 
by once pafling it through water the air was re- 
duced to its original dimenfioi^s. Being tried by 
a mixture of nitrous air, it appeared not to be fo 
good as frefli air, though the injury it had received 
was not coniiderable» 

All the phenomena of dilatation and contraftion 
were nearly the fanie, when, inftead of common air; 
I ufed nitrcws air, fixed air, inflammable air, ^ 
any fpccies of phlogifticated common air. The 
quantity of each of thefe kinds of air was nearly 
doubled while they were kept in quickfilver, but 
lixed air was not fb much increaied as the reft; 
and phlogifticated air lefs. But after pafling through 
the water, they appeared not to have befen fenfibly 
changed by the procefs. 

Thefe experiments were made with vitriolk: 
«ther. Having, fince, procured a quantity of ni,^ 
trous ether^ nriade by Mr. Godfrey, I had the curi^ 
ofity to try whether this would produce the ianqe 
efieft ; but I found that it increafed common air 
only about one fixth of its bulk. After diis mix- 
ture had continued two days and a ttight, wattr 
abfbrbed the ether, and left the cbmmon air exadlly, 
or very nearly, the fame as before, judging by the 
tcft of nitrous air. . * t i .1 
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SECTION ly. 

Vf the Difference of the ^antity of Air ly the rapdf 

ProduSlion of it. 

I Have more than once found, that when I ex-p 
pelled air from fcveral fubftances by heat, the 
produce was different in quantity, according as 
the heat ^zs Jlowly ox, fuddenly applied \ though, at 
the laft, it was always made the fame, and was con- 
tinued as long as any air could be produced. The 
firft obfervations of the kind were thofe in which 
inflammable air was produced from vegetable and 
animal fubftances. I afterwards made another exr 
periment of the kind in the produftion oidepblo^ 
gifticated ^/r from red lead and Ipirit of nitre; 
ufing every prpcaution that I could think of to 
prevent my impofing upon myfelf, with rejpeft to 
a circumftance which, I own, appears rather extra- 
prdinaiy. I imagine, however, that when the heat 
is applied flowly, fome parts of the fubftances, that 
are lefs difpofed to volatilize, become, by degrees, 
accuftomedy as it were^ to bear a force, which, if it 
had been applied foddenly, would have inevitably 

broke 
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Broke their cohelion with the reft; which is in 
fome meafure fimilar to* what is dbferveSd with fe»i 
Iped to xktloadjloney which will fuftain more 
weight when it is applied gradually^ than it can be 
made to do when it is applied all at once. 

From equal quantities of the fame red lead, with- 
out any mixture of fpirit of nitre, and ufing the 
fame gun barrel, I got, by means of heat fuddenly 
appEed, mor6 air than I got by heat applied flowly 
in proportion of tm to fix. The proportion of 
fixed air was the fame in both the cafes^ andthe 
remainder equally dephlogifticated. 

Moiftening a quantity 6f red lead very well with 
ftrong fpirit of nitre, and putting equd quantities 
of it at dijfFcrent times into the* fame gun barreJ, 
in the firft procefs I applied the heat pretty fud^ 
denly, and in the fecond very flowly j and in die 
firft I got three times as much air as in the other. 
The air was alfo equally pure in both thefe cafes, 
and contained equal proportions of fixed air j but 
towards the end of the flower procefs the air be- 
came nitrous. 

From an ounce of red lead, by a fudden and 
briflc heat I got above two quarts of air, a great 
part of which was fixed air, and the reft was about 
twice as good as common air; and immediately 
aftpr, putting the very fame quantity of the fame 
parcel of red J^ead into the lame gun barrel^ by hea( 

Ff4 very 
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very Jhwiy ap^lkd^ but urged vehemendy at laftj 
I got no more than two ounce meafurcs of air, a 
great part of which was fixed air^ and the reft not 
£> good as common air< 

From an ounce and a half of whiting, in a gun 
barrel^ I got, with a fudden and great heat, 240 
ounce meafurcs of jur, of which fome portiom 
contained nine tenths of fixed air, and the refiduum 
burned with a lambent blue flame. Repeating the 
fame procefs very flowly, I got no more than 150 
ounce meafiires of air from the &me quantity c^ 
whidng. And again repeating the procels with a 
j^reater and more fudden heat than at firft, I gpt^ 
fit>m the fame quantity of materialst 270 ounce 
meafures of au*.. 
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S E C T I ON V. 

Experiments on the Mix fare of different Kinds of jSr^ 

ibat have no mutual ASion. 

CONSIDERING the verjr different fpccific gra- 
vities, and other remarkably difierent proper- 
ties of different kinds of air, it might naturally 
enough be taken for granted, that thofe which dif- 
fer very much mjj^ecific gravity at leaft, wordd fe=. 
parate from each other after they were mixed, tfaq 
heavier occupying the lower place, and the lighter 
the upper ; and that, by this means^ the heaviei* 
ikind of air might be made to expel the lighter^ if 
there {hould be an opportunity for its efcape from 
the upper part of the veffel. As different kinds of 
air will often be unavoidably mixed in a variety of 
experiments, I thought it a matter of fome conle- 
quence to afcertain precifely how the iad: was in this 
refped ; that I might not, upon any oiccafion, de- 
ceive myfelf, by ima^ning that I had one kind of 
^r only, when, in reality, I might bate a much 
greater proportion of feme other kind ijti$A I fiif- 

The 
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The refult of my trials has been this general con- 
clufion ; that when two kinds of air have been 
mixed, it is not poffible to feparate them again, by 
any method of decanting^ or pouring them ofi^ 
though the greateft poffible care be taken in doing 
it. They may not properly incorforatey fo as to 
form a third fpecies of airy poflefled of new proper- 
ties J byt they will remain equally diffufed through 
the mafs qi each other ; and whether it be the up- 
per or the lower part of the air that is taken out of 
the vefiel, without difturbing the reft, it will con* 
tain an equal mixture of them both. 

After fonie experiments with Common phials, but 
which I rejefted, from the confidcration that the 
agitation of the air within the phial, by the letting 
in of the water, would neceflarily mix the two kinds 
of air contained in it, though they had been ever fo 
carefully feparated, I avoided that inconvenience, 
by making the experiments in the following more 
accurate manner, applying it to all the kinds of air 
' that will bear to be confined by water. 

Into a cylindrical veflel, which I could open at 
both ends, having ground ftoppers fitted to them, I 
put equal quantities of j£v^^ and common air -, and 
after fuffering them to continue a whole day, the 
veflel remaining in a perpendicular pofition, in 
which they had opportunity, and time enough, to 
have feparated froqi each other, I very carefiilly 

let; 
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let out the contents of the -tipper part of the veflcl 
only, the water entering flo\^ly at the lower open- 
ing ; and put the remainder, which had occupied 
the lower part of the veflel, into a feparatc phial ; 
then examining them one after the other, I found 
no fenfible difference between them, equal propor- 
tions of both being abforbed by water. If there 
was any diflferenee, it did not, however, exceed the 
trifling one in the next experiment, made with an 
eight ounce phial, in the bottom of which I had 
made a hole, by which the water might enter a» 
the air was let out at the mouth of it. 

This phial I filled with equal quantities of fixed 
and common air ; and after a confiderable time, I 
' let oflF the upper part, while the water entered be- 
low ; and obferved that, of the four meafures which 
had occupied the upper part of the phial, two and 
an half remained unabforbed by water, and of the 
lower part, two and a quarter ; fo that there was a 
4itde more fixed air in the lower than in the upper 
part of the veflcl. 

Having mixed equal quantities of inflammable and 
nitrous air in the phial which had a perforation at 
-the bottom, and letting it out in five different parts, 
I obferved that they all burned with a lambent 
flame, without any fenfible difierencc between 
|bem, . . 

I tried 



1 tried in the fame m^nnler a mixture of nitrous . 
and c^mmim air^ and after kttit^ them continue to« 
gedier all night, found that the lower part of this 
mixture diminilhed common air a little more than 
the upper part ; but the difference was very fraaU. 

X put together equal quantities of nitrous 2XiA fixed 
airy iiithe perforated phial ^ and decanting it atfe- 
veral times, with the fame care as before, and mbcr 
ing the feVeral parts with common air, could obferve: 
1)0 fenfible difference in the diminution produced by 
jwy of them. 

Fixed air is eqtially difibfed through the whol^ 
tnafi of any quantity of air from putrefying fub* 
fiances with which it is mixed ^ for dividing the 
mixture into tmy equal parts, they were reduce^ 
in the fame proportion by paffing throu^ water. 
This is alfo the cafe with inflammable air, and air 
in which iulphur has burned. 

At the fame time that I was trymg the purity of 
fixed air, I had the curiofity to endeavour to afcer- 
tain whether that part of it which is not mifcible in 
water, be equally difRiled through the whole mafs j 
and, for this purpofe, I divided a quantity of about 
a^lon into three parts, the firft confifting of that 
which was uppermof^ and the laft pf that which 
was the ioweft, contiguous to the water ; but all 
thefe parts were reduced in about an equal propop- 
. c tion. 
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tioo» by paling throu^ the water^ fo that ^e whole 
inals had been of an uniform compofition. 

Having filled the ftrong glafs vefiel^ in which \ 
tifually fire thefti by the; ekftric fpark^ with the 
ulual mixtiji^ of one third dephlog^cated and two 
thirds inflamqiable m^ \ let it remain in a perpen-; 
dicular poficion all nig^t^ in which there wascer^ 
tainly time enough for them to have ieparated from 
each other, if their very diSerent fpecific gravities 
would have difpofed them to do. fo.. But though 
the two wires between which the explofion is made 
were at the very top of the veflel, which in the cafe 
of a fqiaration would have been the re^on of pur? 
inflammable ^r (which cannot take fire of idelf) 
yet when die Q>ark paiied between them, the two 
kinds of air were e3q>loded as completely as the^ 
could have IPiee^ immediately s^r they had been 
mixed* 

It. is aUb obiervable, that the phbgifticated an4 
dephbgiiticated air which compofe the atmoiphere^ 
are. of very diflferent natures^ .tbctugh without any 
known principle of atcra^ftipn between them^ and 
alib of ^ffer^nt fpecific gravities ; and yet fil^y are 
jmtver fepar^ted . but by the chemical attraction of 
iMb^^ge$> which unite ^\t\k the on^ and leave thp 
other, as in all thofe proceffes which I have, ten^o/ed 

fblogijiic. ' ^ 

The 
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The fame is the cafe with common air and alka-^ 
line, or any of the acid airs. For though all thefif 
kinds of jdr differ in fpecific gravity from common 
air, yet if they be mixed with cdmm€>n air, and 
water be admitted to them, the quantity will de- 

creafe more or lefs (lowly in proportion to the quah- 

• - f . ... 

rity of common air in the mixture* Whereas; if 
the alkaline or acid airs had been heavier than the 
common air (as the latter, jat leaft, manifeftly are) 
and did hot mix with it, the water would abforb 
them as readily as it does when the jar contains nd 
other kind of air j as, on the other hand, if the 
common air had been the heavier, it would have 
protefted them from the accefs of the water, which 
Would not, in this cafe, be able to come at the acid 
or alkaline air, and therefore couki' not abforb any 
part of the quantity. I have noted, however, one 
cxcepdon to this rule refpe6tdng alkaline and inflam^ 
inabie air, which did not fcem to mix together. 

I have fince made a mixture of vitriolic acid air 
and fluor acid air, and find that they continue inter- 
mixed throughout* I niixed equal quantities of 
them in a jar of quickfilver, and obferved, that 
when water was admitted to the whole mafs, the 
criifk was formed equably from the bottom to the 
top of Ae vefleU 

Notwithftanding 
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Notwithftanding thefe experiments, I do not fay 
but that if two kinds of air, of very different ipe- 
cific gravities, were put into the fame veflel, with 
very great care, without die leaft agitation that 
might mix or blend them together^ they might 
continue ieparate, as with the fame care wine and 
water rtiay be made to do ; but that, when once 
they have been mixed, they will continue to be fo, 
like wine and water, after having been fliakfen toge- 
ther. 

^ From the experiments above recited, it will fol- 
low, diat when fixed air, or air of any other 
kind, is conveyed irtto a veflel containing common 
{air, a qimndty equal to the contents of the whole 
vefiH muft be thrown in, before half of the common 
air be expelled; becaufe half of the airdiat is intro- 
duced will always be expelled along with it ^ that 
jafter another equal quantity, ftill one fourth of the 
common w* ^ remain ; and after another^ one 
eighth, &c, . , 
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S E C T I O N VJ. 

Of the Expatffion of diffefent Kinds fif Sr iy Hf^ 

' * r 

( ■ ' 

FROM avery ca»:fe expeiixnent, which I imcte 
very early, I concluded that fixed and comt 
mon air were expanded alike with the iame degree 
of heat. .But by the ptiethpd which I then mad^ 
ufe of, it was not pofiible to difcovei: fmaU difier*- 
ences in this refpe£L I have^fince attempted it m 
aix>ther and more accurate pnanner, and have ^ppKed 
iii to4li tbekindi of air wit;hJwhich lamacqiaainted } 
and i^u^ I do not thii>k that 1^ refulc^ can tic 
inBrely depended on, pa accoaint o£ the difficultjr 
thiat I ibund in ms^xng^the experiments, and my 
not having time to repeat them fo (A&a as I 
could have wilhed, it may not be amifs to give 
an acqount of what I iUd obferve, though it 
fhould only be a means of putting others upon 
doing the fame thing in fome better manner, and 
with more attention. 

1 took a phial, containing thirteen ounce mea- 
fures of water, and filled it fuccelfively with all the 
different kinds of air, having been previoufly made 

veiy 
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very diy^ and filled with quickfilver. Then hold- 
ing the mouth of it under the quickfilver, I in- 
ferted into it a perforated cork, to which was an-* 
nexj^ a long glafs tube, as is reprefetltedi P1.V. fig. 5^ 
leaving a litde quickfilver in the rieck of .the phial,v 
that the expanfion of the air nnight drive it along 
the tube. This phial^ fo prepared^ I placed in a 
JSnall wooden boxj and carrying it into a warm 
room, carefully marked the place at which the 
quickfilver flood after it had become perfedtiy fb- 
tionary in that degree of heat* Then carrying it 
into a colder room> and lettmg it remain there a 
flifiicient time> 1 marked the place in which it flood 
in that degree of heat, having a Fahrenheit's ther- 
mometer accompanying it in each fituation. 1 theil 
carried it back into the warm room^ and obfcrved 
whether the quickfilver role to the fame place as 
before i and after ufing other little precaudonsj^ tp 
prevent any miftake, I found the following inter- 
vals in the place of the quickfilver in the different 
kinds of air, the fame phial and the fame glafs tiib^ 
being ufed in all the cafesi The quantity anfwer- 
ing to ten degrees was- made by computations 
to fhew the proportional expanfion at one eafy 
viewi 
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The expanfion of the alkaline air in this experi- 
ment will appear extraordinary j but I muft obferve 
that there was a little motfture in the phial, which 
had been expelled from the materials together with 
air ; and to this water, emitting more air by heat, 
I am inclined to afcribe the much greater dilatation 
of this than of the other kinds of air 5 and at that 
time I could not conveniendy repeat the experiment| 
not having any better materials at hand. 

That inflammabley nitrousy and phlogifticated air, 
containing more phlogifton than common air^ 
fhould expand more with equal degrees of heat, is 
agreeable to analogy, the fame thing being obfcrved 

in 
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in fluids : but how it fhould happen that dephlopfti^ 
eated air> which contains kfs phlogifton, ihould 
expand more than common air, I do not lee, and 
diereforc I wifh that the experiments might be te-^ 
peated in fome better manner. 



SECTION VII. ^ 

Oftbejpecific Gravity of different Kinds of Air. 

IN order to afcertain the Ipecific gravity of dc^ 
phlogifticaced, and other kinds of air, I took a 
glafs tube about nine inches long, and faftening it 
to the neck of a bladder, which, with fuch a de-^ 
gree of diftenfion as I could give it, in the manner 
in which the experiment was made, contained fifty 
five ounce meafures, or one pennyweight nine grains 
of common ^r. The tube was fo fattened, that I 
could take it out at pleafure i and having the blad- 
der thus prepared, I carefully comprelTed it, then 
filling it in part with that kind of air which I was 

Gg 2 about 
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about t6 weighs I compitired it agatii^ and ttic» 
filkd it intirely 5 fo that I Was pretty confident thit 
the air widiin the bladdet contained rery litde coitt- 
mon, or any other kind of «r. In this nftanner I 
proceeded to weigh dephkgifticated atr^ and at the 
fannc time nitrous airy and air phkgifticated with iron 
filings andjujfbur^ which I take for granted is the 
fame thing with air phlogifticated by any other 
procefs* 

The following fhort table exhibits the refult of 
all theie experiments at one view. 

"♦ 

The bladder, filled with dwts. gr, 

phlogifticated air, weighed - . • • 7 IS 

-— nitrous air - - 7 16 

'■' ■ common air ^ • r 7 17 

i^ - ■ ■ dephlogifticated air - 7 19 

This refult agrees fufficlently well with my for* 
mer obfervations, though they were not made with 
fo much accuracy, viz. that both nitrous air^ 
and air diminiflied by phlogiftic pfocefies, are ra- 
ther lightef than common air -, and it i$ confbnant 
to this, that, in the prefent experiment, dephlo- 
gifticated air appears to be a little heavier thaa 
common air. 

1 In 
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Im 4iv eipeiiinenti the 4ephlogifticated ^vc wa^ 

Ip pure> that iQfi$ meafur^ of it^ and two of ni* 
trou$ air, occupiol the l{^u:e of four fifths of ^ 
ipe^fuTjS. li^ the air t>een more pure^ it ^ould^ 
laiQ doubt, bnve l^iseQ ipeci^cally hes^Wer ftilL 



^«F 



SECTION Vllf. 

Of Sound in differer^^Kinds (f jSr. 

ALMOST aH the experimeijts that haye hithertd 
been made relating to founds have been made 
in common air, of which it is known to be a vibra- 
tion, though it is likewife kxiown to be capable of 
being tranfmitted by other fubftances.^ There 
could be little do^bt, however, of the pofTdDility of 
(bund originating in any other kind of air, as well 
as of being tranfmitted by them ; but the trial had 
not been actually made^ and I had an e^ opportu- 
nity of making it, 

Befides, die experimeats promifed to afcertaih 
"Tirhether the intenfity of found was afFefted. by any 

G g 3 other 
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other property of the air in which it was made than 
the mere denfity of it. For the different kinds of 
sur in which I was able to make the fame found, 
befides differing in fpecific gravity, have likewiie 
other remarkable chemical differences, the influence 
of which with refpedt to found would, at the fame 
time, be fubmitted to examination. 

Being provided with a piece of clock work, in 
which was a bell, and a hammer to ftrike upon it 
(which I could cover with a receiver, and which, 
when it was properly covered up, I could fet in 
motion by the prefflire of a brafs rod, going through 
a collar of leathers) I placed it on fome foft paper 
on a transfer. Then taking a receiver, the top of 
which wa§ clofed with a plate of brafs, through 
which the brafs rod and collar of leathers was in- 
ferted, I placed the whole on the plate of an mr 
pump, and exhaufled the receiver of all the air that 
it contained. Then removing this exhaufted re- 
ceiver, containing the piece of clock work, I filled 
it with fome of thofe kinds of air (hat are capable 
of oeing confined by water, by meaqs of a bent 
glafs tube inferted into a piece of brafs, which I 
could fcrew into the bottom of the transfer^ fo as 
to introduce the bended tube, through the water of 
my trough, into a jar containing the air on which 
I wilhed to make the experiment. 

When 
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When this was done, I removed the ^als mbe^ 
and had the receiver filled with that fpecies of 
air in which J wilhed to produce the found, and 
the apparatus for making the found within it. Then 
by forcing dowii the hrafs rod through the collar of 
leathers, I made the hammer ftrike the hpU, which 
it would do more than a dozen times after each 
preffiire. And the inftniment was contrived to do 
the fame thing many times flicceffively, mer being 
once wound up. 

JEyery thing being thjis prepared, I had nothing 
to do, after filling the fame receiver wijih each of 
the kinds of air in jits turn, but receding from the 
apparatus, while aQ afliftant produced the found, to 
obferve at what diftance I could diftinftly hear it. 
The refult of all my obfervations, as far as I could 
judge, was that the intenfity of foiind depends folely 
upon the denfify of the air in which it is made, and 
not at all upon any chemical principle iijl its coij- 
ftitution. 

In inflammable air the fovtnd of the bell was 
harcjly to be diftinguifhed from the fame in a pretty 
good vacuum j and this air is ten times rarer thaii 
common air. 

In fixed air the found was much louder than ii) 
comipon air, fo as to be heard about half as far 

Gg 4 again; 



again; andthis air is in about die fame p£G{>od76on 
denier dian commoii ain 

In dephlogifticat£d air the ibund was alfD fe&ir 
fibly louder than in common air^^ and as 1 4J20ugto 
rather more than in the proportion of Its iiapcrior 
denftcy i but of this I catuiot pretend to be quite 
fore. 

In all theie experiments the coorxmon ftaodard 
was the:}^und of the fame beU in the fame rt^ 
ceiver^ every odier circumilance alio being tb^ 
fame; the w only been changed^ by removing 
the receiver from the transfer^ and blowing 0ux>ug]t| 
it, &c. 
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SECTION IX. 

Of the Pinvcr vf the dijffirtfit Kinds tf4ir f$ €widu^ 

Heat. 

ONE of the firft things diat I propofed to .try, 
with refpeS: to the di^rent kinds of air^ was 
toobfenre ^&t pawertf €m(iuiiing beat, and I had 
a conmvance for diat purpofe <when I was at Leeds. 
The thing, however, i^eaii^g to jne to be t>f lefs 
CQofequenoe than other things that I had in view, 
I deferred it fome time, till, in confequence of 
(he do^ne of heat becoming, bjr means of Dr. 
Crawford'^ book, the fubjeft of general convert* 
lion, I determined to ^xecui^ what I had fo long 

For this purpofe I prepared the veflel reprefented 
PL VL fig» 2, and defcribed in the JntraduSlion. 
The thermometer was a very . fenfibk one> and the 
icale large, io that I could mark upon it twenty 
divifionsj each 1 vger than half an inch between the 
jnean temperature of the atmofphere, and a heat 
^pmx^ bdow that of IsoMiog water. .6i&&[ fe\ieral 
tri^Js I at iengtl) adj^d it in fuch <s( a^winor, t^ 

having 
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having filled the veffel with any kind of air, I 
could plunge it to a certain depth, firft in hot, and 
then in cold water, fo that the mercury would rife 
to the divifion 20, and fall to . that of 6 or 7 in a 
reafonable tinne. I had a clock that beat feconds 
clofe by me, and was fo lituated, that I could not 
well make a mifiake of more tlian two ieconds, in 
noting the time when the mercury came to any 
particular divifion. The precautions. I ufed to 
plunge the Veflel die fame depth in the water, p^ al) 
the experiments, and to exclude all other diflTerences, 
except what might be occafioned by the diJBTerent 
kinds of air, it would be tedious to recount; and 
no perfon converiant in experiments, and who is 
difpofcd to repeat them, will need to be fo minutely 
inflxufted. 

I vdll juft obfervt, however, that in the veflel I 
ufed for hot water, I always made it boiJ, and it 
was fo fiiU, that the plunging of my air veffel into 
it made it run over 5 and the veffel for cold water 
was always frelh brought from die fame pump. 
The mouth of the air vef&l was in a cup of mer- 
cury, always filled to the fame height; and by 
this means I could try in the lame manner even 
thoft kinds of air, that could not be confined by 
water. 

The beft account that I could give of the refult 
4>f thefe experiments would he to exhibit them in 

the 
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the form of tables j of the time at which the mer- 
cury reached all the degrees of the fcale, both in 
afcending and defcending; which tables I have 
drawn up. But this I fliall defer till I have an op* 
portunity of repeating all die obfervations. At pre- 
sent I would only obferve^ that all the difierences 
were not fo ftriking as I expected to have found 
them, but that inflammable air conduced heat much 
better than any other kind of air, the mercury afcend- 
ing the fame fpace in about half the time that it took 
up in common air. Fixed air, and aU the kinds of 
acid air, conducted heat confiderably worie than 
common air. Alkaline air conducted heat rather 
better dian the add airs, and dephlc^^cated air a 
litde worfe than common air^ but fo litde, that I 
would not anfwer for the fame refult in repeating 
the experiment. 

N. B. In the courfe of thefe experiments, I could 
not avoid obierving fo great an expanfion of alkaline 
air by heat, that I conclude the obfervation, p. 450, 
niay be perfedly accurate, though the extraordinary 
nature of it made me entertain the doubt I have 
there exprefled concerning it. 
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SECTION X- 



Of the refrdShi Power rf Afferent Kinds ef Atr. 

CONSIDERING the veiy difier^nc properties 
of the different kinds of air with which I 



have been converiant^ it was ioipoflible not to diink 
of the pnsi^ability of dieir having difierent r^aSht 
ptfwersy and of ibine inethod of afcertainiog this 
cincumftance. But I am ibriy to inform my 
Headers^ that mf e^periioents have been without 
fay fuccefe. . .... 

For this purpofe^ I procured a prifoi> coi^fifting 
of three plates of gkiis, £iftened together by ce- 
ment^ the^'^cavity bekg l^ge ef»oug|h to contain 
9bout a quarter of a pint. This priim I fixed upon 
4 ftand, at the diftaiK:e of ten feet from a window^ 
in which I had a iixi^dl apparatus, contrive to 
throw a beam of the fyn's rays into die roona. 
This beam was received by a board, furnifhed with 
a jtiece of brafs work, containing feveral fmall holes, 
through any of which I could tranfmit a beam of 
light upon the prifm, which was placed, in a ver- 
lical pofition, clofe behind it -, and the wall on which 

the 
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the image of the fun was received was twenty feet 

from the prifm. 

With this apparatus, which I thought promifing 
enough, I proceeded to try the refra(5tive powers of 
nitrous and inflammable air ; but I could perceive 
no difierence in the place of the image, whedier 
the beam of li^t wis trafifmitted through the 
prifm, carefully filled with cither of thefe kinds of 
air, or not through kj aJkwai^ce being made for 
a fmdl degree of refra^oti occafioned hf a want 
.of perfea parafldifm ift Ae phte^ rf the prifin. 
The refdt was the very fone^ whether it contained 
common air, <>t either of the two kinds above-^ 
mentioned. 

Having had fo littk fiiccefs with thefe two vcrjr 
cUflTerent kinds of kit, I thought it wouH be in vain 
to try any of the other kinds i and therefore, for 
the prefent, have defifted fiom my purfoitj but 
I am not without a defi^ to refume it with a dif- 
ferent kind of apparatus, if I be ib happy as to fuc- 
ceed in the conftru^lion of iu 
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SECTION XL 

f 

\ 

Of Jir in the Bladders of Fifies^ 

I Made a beginning of a oourle of experiments^ 
which> I thinkj may be purfued to confiderable 
advantage, on the Hate of the air which is contained 
in the bladders of fijhes. It is commonly fuppofed, 
that thefe bladders are of no other ufe to the fifhes 
than to afliil them in riling or finking in the water ; 
but I have Ibme doubt about thb hypothefis ; at 
leaft they may have fome other ufe- Some fifltes, 
I believe, are not furnifhed with thefe bladders*. 
When they are taken out of the filh, the air cannot 
be got fix)m them by preffure, but I was always 
obliged to burft or cut them 5 and yet that the air 
does change in thefe bladders, is, I think, pretty 
evident, from my having found it in different 
ftates. 

The firfl time that it occurred to me to examine 
the air contained in thefe bladders, I found it, in a 
great number of them, to be perfedtly noxious, not 
being at all afFefted by nitrous air. This was on 
the 3ifl of May, 1774* But at another time, viz. 

the 
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the 30th of March following, I found air that I had 
preffed from the bladders of the fame kind of fiflies, 
viz. roaches, not to be quite noxicJus, being afFefted 
by nitrous air, though not to a great degree. I have 
not purfued thefe experiments any farthe;rj but I 
fhould think that it might not be difficult, by 
^iverfifying them properly to make fome difcoveries 
concerning the animal oeconomy of fifties, and the 
ufe of air to them. 



ii— *■■! ■■<' 



SECTION XII. 

Of Changes produced in various Kinds of Air by Ex^ 

pofure to Urine. 

TH AT phlogifton exhaling from vegetable or 
animal fubftances fhould -fenfibly af&£i: com- 
mon air, or dephlogifticated air, which contain 
little or no phlogifton, and have a ftrong affinity 
with it, is far from being extraordinary ; but that 
the fame fbbftances which phlogifticate commoa 
air, or dephlogifticated air, ftiould likewife afFeA 
nitrous air, or inflammable air, which already con- 

uin 
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tain pMogiftoii (zndy as it fhould fetm, to a com* 
pkce iaturatson) is a faft that I cannot well explain. 
This, however, I have obferved to be the caft 
with liver of fulphur, iron fifing^ and itilphiiri znA 
various other fubftances on lutrous air. *^ 

Inflammable air I have not obferved to have 
any impreffion made iipon it by thek fiibftances> 
any more than by the ele6bric Q>arlc, at kaft in 
the temperature of the atmoiphere^ though, io 
confequence of fimple confinement by water, it has 
at length, in feveral inftances, loft its inflamma^ 
bility, and, like nitrous air in the preceding cir- 
cumlhuices, has become mere phlogifticated air« 
I have feme fufpicion, however, that inflammable 
air may be dccompofed by all the fame fubftances 
that decompoie nitrous air, if more beaf^ or more 
tfrncy be given to the procefs j and perhaps what 
I confidered as pure water might, in time at Jeaft^ 
have got an impregnation of fomething that might 
afFeft the infkmmable air, in thofe cafes in which 
I found it reduced to the ftate of phlogifticated air. 
Thefe fufpicions I have been kd to in coniequ^Ke 
of obferving that wine had this efledt, both on 
nitrous aiKl inflammable air ; an obiervation which 
I made accidentally, in the courle of expofing a 
great variety of fubftances to the fun during the 
fummer of 177^ 

Anriong, 



Se^. XIL oBSEkVAf ion5 ok air, 46^ 

Among other things, I ha4 filled a glafs tube, 
about half an inch in dianneter, arid three feet and 
a half long, with urine, and had placed it inverted 
in a bafon of the fame. In this fituation it was 
kept feveral months, when it yielded at firft a fmall 
quantity of air, all of which was afterwards abforb- 
ed. After which I perceived cryftals to be formed 
in feveral places of the infide of the tiibe, and the 
urine, from being of a pretty high colour, became 
rcry pale. 

Seeing no farther change in the urinci and having 
dbferved its power of emitting and abforbing air, 
I expofed to its influence all die kinds of air that 
could be confined by it, in feparate fix ounce phials, 
of \Vhich the air of each kind occupied about one 
fourth, the remainder of the phial containing this 
old pale urine 5 and the phials were inverted in 
baibns of the fame, and, as it evaporated, were fup- 
plied from time to time with more urine. 

Things were difpofed in this manner on ,th« 
iiyth of July, and I obferved that there was no 
immediate change, either in the inflammable or 
the phlogiflicated air j but the furface of the urine 
in contact with the common air, dephlogifticated 
air, and nitrous air, from a pale ftraw colour, pre- 
fently became of a deep brown, and elpecially next 
the dephlogifticated air. The next morning the 
colour of the urine in contadt with the dephlogifti- 

VoL.IL Hh catcd 
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cated air was almoft black, and extended through 
the whole phial. But in the phial in which the 
common air was confined, the brown colour ex- 
tended only a litde way within the body of the 
urine. Under the nitrous air the urine vas pretty 
uniformly brown, but not fb much fo ^ unckr tjx^ 
dephlogifticated air. A little both of the dephlo^ 
giflicated and nitrous air was abibrbed, and near|]^ 
an equal quantity of each. 

The dephlogifticated air having diminiflied yery 
faft, and becoming thoroughly phlogiftic^ed, I in« 
troduced more of the feme air into the phial \ an^ 

1 let all the phials ftand in this fituation till the 

2 2d of July following, when I was obliged to put 
an end to the procefs, and I then noted the follow- 
ing appearances. The common air was diminilh- 
^d about one fourth, and was thoroughly phlogifti- 
cated \ the urine being of an orange colour, but 
not very deep. The dephlogifticated air, having 
been renewed, was not completely phlogifticated, 
but was nearly fo. The nitrous air was diminiihed 
one half, had changed the urine black, extinguifhed 
a candle, and did not afie£l: common air at aU, fb 
that it was mere phlogifticated air- But what is 
remarkable, this phlogifticated air was in a much 
greater proportion than is generally procured froin 
nitrous air. This eflped I afcribe to the kngtb 
of time that the proce& took up, and diere are 

other 
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Other remarkable facSts in confirmation of this opi- 
nion. 

The inflammable air was diminiftied. to about 
one eighth of its bulk, and was ftill (lightly inflam* 
mable* With more time I doubt not this air 
would have loft all its inflammability. The urine 
in this phial was of a very pale colour. 

The phlogifticated air alone remained quite un- 
afFe6ted during the whole procefs, aiyJ the urine was 
of the fame colour with that under the common 
air, viz. a light orange ; but this change probably 
came from ,that part of the urine, which had been 
expofed to the common air in the cup, and had 
gradually extended itfelf to the urine in the phiaL 

If the diminution of all thefe kinds of air was 
owing to phlogifton, it may be inferred that this 
principle in the phlogifticated air has a firmer union 
with its bafe than it has in nitrous or inflammable 
air, being lefs capable of either receiving more, or 
of parting with what it has got. 

But perhaps the moft puzzling circumftance in 
this procefs is, that the diminution of both the de- 
phlogifticated and nitrous air fliould be accompaiyed 
with the fame change of colour in the urine ex- 
pofed to them. A fimilar change of colour in a 
iblution of copperas, I thought was owing to the 
phlogifton depofited from the decompofed nitrous 

Hh 1^ w. 



468 MISCELLANEOUS Book VII^ 

air. But if this was the caufe of the fimilar change 
of colour in thi§ cafe, how came the fame change 
to take place in confequence of the diminution of 
dephlogifticated air, this diminution being, no doubt^ 
owing to its receiving phlcgifton from the urine ? 
It can hardly be that the fame change fliould take 
place in the colour of the urine, whether it contains 
more or leis phlogifton than it naturally has. Per- 
haps it may be fonqething common to the con-^ 
ftitution both of nitrous and dephlogifticated air^ 
and not phlogifton, that, when they are decompofed, 
is precipitated, and produces this change of colour 
in the urine. 
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SECTION XIII. 

Of Air in the Calces of Metals. 

« 

THAT the calces of metals contain air, oi 
fome kind or other, and that this air con- 
tributes to the additional weight of the calces, above 
that of the metals from which they are made, had 
been obferved by Dn Hales; and Mr. tiartley had 
informed me, that when red lead is boiled in lin^ 
fped oil, there is a prodigious difcharge of air be-^ 
fcre they incorporate, I had likewife found, that. 
' no weight is either gained or loft by the heating 
of tin in a clofe glafs veflpl ; but I purpofely de- 
ferred making any more experiments on the fubjeft, 
till we fliould have fome weather in which I could 
make ufe of a large burning lens, which I had 
provided for that and other purpofes j but, in the 
mean time, I was led to the difcovery in a different 
ixiannen 

-Havii^g, by fome of my early experiments, been 
led to conlider the eleftric matter as phlogifton, or 
fomething containing phlogifton, I was endeavour- 
ing to revive the calx of lead with it ; when I was 
furprifed to perceive a conliderable generation of 

5 «°'- 
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air. It occurred to me, that poflit)ly this efFe6k 
might arife from the heat communicated to the red, 
lead by the eleftric (parks, and therefore I imme- 
diately fillecJ a fmall phial with the red lead, and 
headng it widi a candle, I prefendy expelled from 
it a quantity of air about four or five, times the 
bulk pf the lead, the air being received in a veffel 
of quickfilver. How much more air it woulcf 
have yielded, I did not try. 

Along with the air, a fmall quantity of water 
tras Hkewife thrown out; and it immediately oc- 
curred to me, that this water and air together muft 
afrtainly be the caufe of the addition of weight in 
Ac calx. It ftiU remained to examine what kind 
of air this was ; but admitting water to it, I found 
Aat it was imbibed by it, cxadtly like fixed air, 
wMch I therefore immediately concluded it muft 

•After this, I found that Mr. Lavoifier had more 
eortpktcly difcovcrcd th? fame thing, ' 



SEC- 



SeS. Xiy. OBSERVATION^ ON AIR. ^7 J 



SECTION XIV. 

Of jliT fuf^o/ed to be mt (girted in Mercury^ - 

WHEN quickfilver is boikd in a glals tube, 
a confiderable quantity of air is feemingly 
difcharged from it, and it has been ima^ned by 
fome that this air had been contained not only in 
the fpace between the quickfilver and the glaf^ 
but within the pores of the quickfilver itfelC If 
this had been the cafe, it muft have beeii the pro- 
perty of quickfilver, as of other fluids, to imbibe 
airy and therefore probably to produce a change 
of quality in the air which it had imbibed, or in 
that which it left unimbibed. In order to afcer- 
tain this, I boiled as much quickfilver as one of 
the largeft of my phials with ground ftoppers and 
tubes would contain, talcing care to exclude all the 
air that I could get from it by the common me- 
thods before this operation ; and having got a fmall 
quantity, I found it to be common air only, ap- 
plying to it the teft of nitrous air. It was pro- 
bable, therefore, that this air had not been expelled 
from the body of the quickfilver itfelfi hut only 
from between the quickfilver and the glals. 

After 
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After this, in order to try whether quickfilvcr, 
dcmived of all air, had the power of imbibing air^ 
I boiled a pretty large quantity of quickfilver, for 
near half an hour, and while it was very warm, I 
put it into a jar, and inverting it in a bafon of 
quickfilver, left a quantity of common air on the 
furface . of it. This air was contrafted with cold, 
but was not fenfibly affefted in any other manner. 
For after two days, when I perceived that the di- 
minution had proceeded no farther, I examined it, 
and found it to be diminilhed by nitrous jur as 
much as any common air whatever. 
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